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CHAPTER ONE 
INTRODUCTION 
The proc ess by which vibration stead i ly d imin ishes in 
amp l itude is c a l led damp ing . All  vibrat ions that o ccur in nature 
are as soc iated with some damp ing or energy d issipat ion . 
In damp ing , the energy of the vibrat ing system is 
d issipated as fr iction or heat , or transmitted as sound . Damp ing 
or energy d iss ipat ion is usually undesirab le , not from the 
standpo int that it  represents wasted energy and lower frequency, 
but because the manner of d issipat ion is  commonly a conversion of 
mechan ica l  energy into heat . The heat g enerated causes ho t 
bear ings and unequa l  expans ion of the machine which in general 
impairs its func t ioning . Consequent ly , the designer at t empt s  to 
e l iminate damp ing in his machine . There are o ccas ions , however , 
when the engineer purpo s e ly introduces damp ing to dissipate 
unwanted energy which if al lowed to accumulate wou ld ser iously 
hamper the operat ion or cause fai lure of the machine or s tructure . 
Damp ing a lso p lay s a cruc ia l ro le in fixing the borderline between 
s tab i l ity and instab ility in many dynamic sys t ems . 
constant 
Damp ing can be classif ied into four type s : 
1 .  V iscous Damping Due to Fluid Res ist ance 
The "vi scous" damping force is defined as f ( x )  
. 
== -ex . The 
c ( of dimens ions , force per un it  
. -1 ve locLty , L FT or 
L0MT-l) is ca l led the coeffic ient of  viscous damp ing . This type 
of damp ing occurs for ve locitie s in lubricated sliding surfaces , 
1 · 
dash-po ts , 1 hydraulic sho ck-absorbers , etc • • To this category of 
damp ing be long the so-cal led viscous resistance produced in 
fluids , e ither liquids or gases , by the mo t ion of Uumersed bod ies . 
2 .  Nonviscous Damping Due to F luid Res istance 
The resistance of bod ies moving in f luids ceases to be a 
l inear func t ion of the ve loc ity when the mo t ion becomes more 
rapid . In the interval of ve loc it ies between 1 0  and 300 feet per 
second the fluid res istance can be cons idered proport iona l to the 
square of h 1 ° 2 Th d 0 f t e ve oc1ty . e ampLng orce £(�) is expressed by 
f<x > + b�2 • - X • The constant b depends on the nature of the fluid 
and the size and the shape of the immersed body in the f luid . 
3 .  Dry or Cou lomb Damp ing 
This type of damp ing occurs in the slid ing of dry 
surfaces . The damp ing force during mot ion is constan t , and is 
g iven accord ing to Coulomb's Law by3 f( x ) • ± fN where N is the 
norma l component of the force upon the surface of contact  and f is 
the coeffic ient of dry friction . 
4 .  So l id Damping or Hysteretic Damp ing 
This type of damp ing is caused by interna l fr ict ion or 
hysteres is when a so l id is deformed . Stress amp l itude is a 
measure of so l id damp ing . 
Dry fr iction and so l id fr iction dampers are comp l icated 
from a mathemat ica l standpo int as the ir theory invo lves nonlinear 
d ifferent ia l  0 4 equatLons . For this reason , these dampers are 
frequent ly rep laced in theory with approxima t e  equ ivalent viscous 
dampers . The use of viscous damping has the advantag e  of 
2 
linear i z ing the equat ion of mot ion . 4 However ,  it is the mo st 
commonly used in machinery and equipment . 
This is only valid for damping such as  that c aused by the 
laminar f low of a viscous fluid . In this type of viscous damp ing 
the constant of proport ional ity ( coefficient of the damper ) is 
dependent on the viscosity of the fluid , the surface are a  and the 
fluid film thickness . Those three factors can be made constant 
for a g iven set of physical cond itions . 
Predictions and measurements of energy d i ssipat ion into 
the viscous damp ers ut i lized in common professiona l pract ice_ are 
st i l l  pr imar ily based upon the theor e t ical ana lysis . This 
ana lysis usua lly fal ls short in account ing for many factor s--such 
things as the var iat ion in the fluid vis cosity with respect to the 
increase in the fluid temperature , pressure and hence  pos it ions , 
pressure grad ient , gravitat ional body force  md 
magnetohydrodynamic effects .  Therefore ,  ther e  is s t i l l  a need for 
informat ion which accounts for these  factors . 
A sphere osc i l lating in a flu id fil led concentric 
spher ical she l l  has been stud ied by Ackrman and Arhabhirama . 5 A 
cylindrical rod vibrat ing in confined viscous f lu id s  is stud ied by 
S . S .  Chen , M . W .  Wambsgans s md J .A .  Jendrzejezyk . 6 These stud ies 
were directed towards understanding the respon s e  of nuc lear 
reactor componen ts to f luid excitation . Forces on a s ing le 
o s c i l lat ing cylinder immer sed vert ica lly in a water tank were 
determined by C .  Daton , J . P .  Hunt and A .K . M .F .  Hus sa in . 7 The cas e  
of a semi- infinite  plate osc il lat ing s inuso idal ly is analyzed 
3 
numer ica l ly b y  C . B .  Watkins and I .H .  
· s Herron . The damp ing of 
vibrating perforated p late immersed in a coo lant l iqu id was 
stud ied by D . F .  DeSanto . 9 This study is a lso d irected towards 
nuc lear reactor app l icat ion . Torsional vibrat ions of p lates and 
generated damp ing forces were stud ied by R .  Habeck . 10  Nume r ical ly 
osc i l lat ing hexagona l cyl inder in an incompressib le viscous fluid 
and corresponding damp ing coeffic ients were obtained by C . I .  Yang 
1 1  and T . J .  Moran . 
The subjec t  of this investigation is to ana lyze the 
osc i l lat ion of multi-plates immersed in a viscous flu id and the 
-damp ing forces . The concept of multi-plates osc i l lat ing in a 
viscous fluid with the view of using the plates as a damper is 
be l ieved to represent a new appl ication . 
Convent iona l dampers consist of a cylinder fil led with a 
fluid , usually o i l , containing a piston which is free to move 
under the act ion of an external force . The ve loc ity of the piston 
is regulated by the viscous resistanc e of the fluid flowing 
through the annu lar space between the piston and the cyl inder 
wal ls ,  and the fluid is chosen so that this ve loc ity wi l l  be 
sma l l . 
A d iagrammatic arrangement of a dashpot is shown in F igure 
1 .  In this arrangement , the radial c learance H is smal l  compared 
to the diameter of the piston D .  
4 
F igure  2 shows another mode l  of  a das
.
hpo t . This mode l 
uti l izes  orif ices to provide increased  damp ing . That is  to say , 
the clearance in the previous mode l  i s  rep laced by orifices  that 
d ischarge the fluid from one s ide of  the p is ton to the o ther s ide . 
Through this  trans fer of f luid , exces s ive dis s ipat ion takes  p lace 
and the f luid can even go turbulent depend ing on the relat ed 
Reyno lds number . The damping force generally i s  non l inear and 






- -- - -- - -
- - - -� - - . . 































1-1 Ob je ctive 
The obj ective of this  investigation is to d eve lop a new 
mode l  of viscous damper that operates on the princ ip le  of viscous 
damp ing with mu l t ip l e  para l l e l  p lates of negl igib le thickne s s  
moving re lat iv e  t o  each other in a fluid med ium . The p lates  can 
be f l at or curved , such as conc entr ic cy linders ;  however , the 
f lat p late s  are ana lyzed in this  invest igation . The s e  p lates  are 
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F igure 3 show s a sect ional s ide vie w of the proposed 
damper with the e lemen t s  and component s shown . The moving and 
s t a t ionary p l ate s are guided by groove s in or der to ma int a in a 
6 
constant  gap between them . The f lu id contained be tween the p lates  
and in the tank are prevented from leak ing by provis ion of  
leak-proof bear ings . Although the r ight end of the  damper , part 
A, is shown st at ionary in F igure 3 ,  it can be moveab le as 
con s id ered later. F igure 4 shows a sec t iona l latera l view of the 
propos ed damper . This  f igure sugg e s t s  a me thod to ho ld the p lates 
para lle l during the course of the operat ion . 
--- ·-· -- ._ -
. . . .. ----
Figure 4 
GROOVE 
F igures 5 and 6 show the symbo l ic pre s entation of the 
convent iona l and the propo s ed d amper . 
c c 
Figure 5 Figure 6 
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1-2 The Scope of Study 
The fo l lowing cases wil l  be invest igated in this study : 
I .  The f lu id f low in the damper is assumed to be steady . 
Thi s  case is broken down into the fol lowing states : 
1 .  One terminal of the damper is fixed whil e  the 
o ther terminal moves uniformly at a known speed . 
2 .  Both terminals of the damper move uniformly at 
d ifferent kown speeds but in phase . 
3 .  Both termina ls of the damper move uniformly at 
d iff�rent spe eds and out of phase . 
II . The fluid flow in the damper is assumed to be 
unsteady ( f lu id partic les acce lerate with t ime ) . This 
case is also broken down into the fo l lowing 
categor ie s : 
1 .  One terminal of the damper is f ixed whi l e  a simp le 
harmonic mo tion of the form U • U0e i ( wt )  is be ing 
app l ied to the other terminal .  
2 .  Both · terminals of the damper exper ience per iod ic 
mot ions . Many combinat ions are possib le ; however ,  
only four comb inat ions wil l  be considered in this 
study . 
a. The frequency and the ve loc ity ( amp l itude} of 
both per iodic mo tions are considered to  be of 
the same magnitude and bo th per iod ic mo t ions 
are assumed to be in phase . 
8 
b .  The frequency and the ve loc ity ( amp l itude ) of  
both period ic mot ions are cons idered to  be of  
the same magnitude and the per iod ic mo tions 
are as sumed to be out of phas e . 
c .  For the same frequency , the ve loc ity 
( amp l itud e )  of both mot ions are cons idered to 
be of d ifferent magnitudes  and bo th per iodic 
mo t ions are as sumed to be in pha s e; 
d .  For the same frequency ,  the ve loc ity o f  both 
per iod ic mo tions are con s idered to be of  
different magnitude s and both period ic mo tions 
are as sumed to be out of phas e . 
The above cases  wil l  be studied based on the fo l lowing 
assumpt ions : 
1 .  The f lu id f low in the damper is as sumed to be laminar 
with Reyno lds  number13 that does not exceed  the range 
of  2300-2 500 . 
2 .  The var iation in the fluid visco s ity with respect to 
the increase in the fluid temperature and the f luid 
pre s sure is not considered . That i s  to say that the 
vi scos ity is constant in the cour se  of operat ion of  
the damper . 
3 .  The thicknes s  of each p late in the damper is very 
sma l l . 
4. The edg e effect of  each p late of  the damper is 
neg le c ted . 
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Three d ifferent types of incompre s s ib le viscou s flu ids  as 
l is ted be low are con s idered : 
1 .  Water with dynamic visco s ity equal to 2 x 1 0-5 lbf 
s e c/ft2 and kinemat ic visco s ity equa l to 1 . 3 x Io-6 
f t2/sec . 
2 . The lub r icating o i l s  SAE 10  and SAE 30 with dynamic 
visco s it ie s  equal to 2 x Io-3, 8.35 x lo-3 lbf s e c/ft2 
and kinemat ic visco s it ies  equal to 0 . 0024 , 0 . 00 58 
ft2/sec . respec t ive ly . 
3. G lycerine-with dynamic visco s ity equa l to 4 x 1 0-2 lbf 
s e c/ft2 and kinemat ic visco s ity equa l to 0 . 0 95 
ft2/sec . 
The above proper t ie s  are for the flu id s 14 at a temperature 
of  70°F and at the atmospheric  pres sure of Patm = 14 . 7 2  Ps i .  
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CHAPTER TWO 
THE STEADY FLUID FLOW IN THE DAMPER 
2-1 Navier-S tok e s  Equat ions 
In thi s s e ct ion the c las s ical Navier-S t ok e s  equations 1 5  
which describ e  the generalized f luid dynamic s  are pre s ented . I t  
i s  genera l ly be l ieved that the Navier-Stokes  equat ions are capab le 
of descr ib ing mos t  phenomena ob s erved in f lu id mechan ics . 
However , it shou ld be  remembered that any use fu l  system of 
equat ions for f lu id mechanics may always be regarded as an 
approximat ion to a more  accurat e system .  
ou � a au + 
0 Dt • Pgx·- ax
+ ax (2u ax + AdivV) 
a [ ( au + av ) ] + ..!. [ ( aw + au ) ] ay � ay ax az � ax az . 
P Dv • P g _ 1E_ + .2._ [ 1J ( av + au ) ] + Dt y ay ax ax ay 
a
a
y (2lJ :; + ).divV) + aaz [lJ( �: + �; ) 1 
P Dw • 0 2 _ 1£. + ...!_ [ u ( � + au ) J + Dt � az ax ax az 




The pre ceding equat ions are the Navier-S tokes equat ions 
and are fundame.ntal to the subje ct of viscou s  f l u id flow . 
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Incompres s ib l e  F lu id F low 
S ince we are dealing with incompres s ib le f luids , such as 
lubricat ing oils SAE 10, SAE 30, etc . ,  we adapt the Navier-S tokes  
equat ions to our problem .  
The equat ion o f  continuity for f luids in it s mos t  genera l 
form can be WTitten as : 
� + div(pV) • 0 
where 
div (V) • au + av + aw ax ay az 
(2-4) 
For an incompres s ib le and homogenous f lu id the dens i ty is  
constant  and Equat ion (2-4) reduces to  the fol lowing form : 
d iv ( V )  • 0 (2-5) 
Henc e ,  the term d iv (  V ) vanishe s from the con t inuity 
equat ion , and the coeffitient of bu lk vi scos ity A disappears from 
the Navier-Stokes equat ions . Equat ions (2-1), (2-2), and (2-3) 
are great ly s imp l i f ied if we as sume that the var iation in 
temperature and pres sure is negligible . This as sumpt ion is val id 
for the propo sed app l icat ion and we cons ider  this condit ion of 
constant �iscosity to preva i l . 
12 
of  the 
Du 
p - -. Dt 
Dv 
p - -Dt 
Dw p - -D t 
As a resu lt , many terms vanish and the s imp l i f ied  versions 
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The above equat ions wil l be  further s imp l i f ied  when 
app lied to the three cas e s  listed in Sect ion 1-2. Detailed 
ana ly ses  of such app lications are to fol low . 
2-2 One Termina l of  the Damper is Fixed Whi l e  the Other Terminal 
Moves  With a Un iform Veloc ity 
For s imp l icity we cons ider two para l l e l  p lates  of the 
damper that are a dis tance h apart . The lower p late  moves with a 
un iform ve locity u re lativ� to the upper p late in the 
x-d ir e c t ion , as shown in F igure 7 .  Also , we as sume that there is 
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From the Navier-Stoke s equat ions it is evident that the 
terms 
Du • Dv • l)w • 0 Dt Dt Dt (2-9) 
for a steady f low ( there are no accel erat ion terms ) .  S ince the 
f low is steady and fully deve loped , u�f(x ) ; and if we as sume two 
d imens ional f low ; that is ; 
v • 0, w • 0 and u ; 0. 
Thus 
As a result of  the reduct ion above , Equat ion ( 2-7 ) becomes : 
1£_ • Og ay Y 
or 
1 1£. • 1 og ay Y 
The integrat ion of equat ion ( 2- 1 2 )  g ives : 
(2-10) 




Where a is the con s t ant of integration . Equation ( 2�I 3 )  ind icates 
that the pres sure is a function of the y- coordinat e .  
Referring to Figure 7 and assuming that the prevai ling 
pre s sure at y•O is P1 and at y•h is P2 we so lve Equation ( 2-13 ) 
for the as sumed conditions and we obtain : 
(2-14) 
Equat ion ( 2-I4 )  shows that the pres sure differenc e b etween PI and 
P2 depends main ly on the distance h .  This reve a l s  that the larger 
the fluid he ight h ,  the larger the pres sure d ifferenc e . S ince we 
are dea l ing with sma l l  va lues of h ( in the order o f  O .I ft . ) , it 
may be conc luded that P2 � PI • 
Also Equat ion ( 2-8 ) becomes : 
.!Jt. 
az pgz (2-15) 
But the pres sure is cons tant in any horizont a l  p lane . As suming 
there is no variat ion of any f luid property in the z - d irect ion , 
it fol lows that .!2. • p g • 0 ana, as a resu lt , P • cons tant . etz z 
Now , equation ( 2-6 ) may be writ ten in the form 
(2-16) 
We assume the no-s lip cond it ion to prevail at both surfaces  of the 
upper and lower plate; that is , a part i c le of f luid at the surface 
of the moving p late has the same ve loc ity as the p late . Hence , 
the boundary conditions can be st ated as the fo l lowing : 
15 
at y • 0 
( 2-17) 
at y • h u - 0 
Also , the ve locity does not vary with x in fu l ly -developed 
flow and , hence ,  depends only on y ;  that is , u - u (y ) . 
Furthermore , there is no component of velocity in e ither the y or 
z d irection , and the boundary cond it ions are independent of x or 
z; hence , equat ion (2-16) reduces  to : 
where the con t inuity Equation (2-5) s imp ly ver i f ie s  our contention 
that u • u (y ) only . 
The term gx is  the body force term which is  due to  the 
attra c tion in the x direction and p is the dens ity of a f luid 
part i c le . 
It is important to remember that the body forc e s  are tho se 
which app ly to the ent ire mas s  of the f luid e l ements . 1 6  Such 
forces  are due to the externa l f ie ld s  such as gravity or an 
app l ie d  e lectromagnet ic po tentia l . In our prob lem we neg lect any 
effect  due to the externa l fie lds ; thus , the hor izontal f low 
Equat ion (2-18) reduces to the form 
2 .!E. a u 
"x 
• lJ --2 w 
ay 
or 




S ince  we have as sumed that the visco s ity does not vary 
with temperature and pres sure , equation ( 2-1 9 )  i s  uncoup led from 
the temperatur e . Thus we solve it for u and P independent of 
the temperature .  
Solving Equat ion (2-1 9) for the As sumed Bound ary Cond it ions 
Equat ion (2-1 9 )  can be integrated twic e  to obtain u ,  thus 
1 �" 2 u (y ) • - ::r_ y + a y + a 2p dx 1 . 2 (2.-20) 
where •1• and a2 are arb itrary constants which may be determined 
from the bound ary cond itions . Subst itut ing the bound ary 
cond it ions into Eq ( 2-20 ) , we obtain the fol lowing : 
U • a 2 
and 
a • 1 
then 
-{ _!_ dp h + U/h ) 2lJ dx 
( ) 
1 dn 2 v u y • 2\J � (y - hy) - U( h -1) ( 2-21) 
Equat ion {2- 21 )  repre sents the ve loc ity distr ibution be tween the 
p l ates and it sugg e s t s  that the ve loc it y pro f i l e  may be treated as 
a comb inat ion of l inear and parabo l ic ve loc ity  pro f il e s . 
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Shear Stres s 
Viscos ity is the ab i lity of a f luid to f low free ly . Heavy 
oils  take a long t �e to f low out of a can whi l e  l ight oil s f low 
out quick ly . A more fundamental approach to v i s co s ity shows that 
it is  the property of the f luid which re lates app l ie d  str e s s  to 
the resu l t ing strain rat e . 
The mot ion in our prob l em is in the x d ir e c t ion only and 
var ies with y; u • u ( y ) . Thus , the strain rat e s l 4  of  E. -=e: • XX yy 
0 ,  and there is  only one s ing l e  f inite  s train rate 
(2-22) 
There is no flow in the y or z directions , hence, Equat ion ( 2-22 ) 
reduce s  to 
& xy 
1 du ---2 dy (2-23) 
Exper imen t a l ly , it bas been shown that for a l l  the common 
f luids , the appl ied shear is a un ique func t ion of the strain 
ratel5 : 
T • f(t ) xy xy 
For s imp le  fluid s  such as wa ter and o i l , a s  u sed in th is 
study , the re lation ship between Txy and Exy is l inear . Henc e , 





Txy • ��xy • lJ dy (2-24) 
and the f lu id in this cas e is r ef err ed to as Newton ian f luid .18 
S inc e the shear str es s  oppo s es the mot ion it is s een 
du 
T a - 1J xy dy (2-25) 
Taking the f ir s t  d er ivativ e of u (y )  from Equat ion (2-21) and 
subst itut ing the resultant into Equat ion (2�24) we obtain 
dp h Txy • - dx ( Y - 2 ) + JJU/h (2-26) 
We not e  from the abov e equat ion that the shear s tres s is  a 
funct ion of two variables : the pres sure grad ient dp/dx and the 
coord inat e  y for a constant app l ied velocity. However , f ind ing 
the shear s tres s at a given he ight requires  knowledge of the 
pres sure grad ient. 
The pre s sure is constant everywhere along the p late s , and 
only the case of a zero pre s sure gradient for the intend ed 
app licat ion meaningful ly , iE. dx and - 0 is  hence phys ical ly 
Equat ion (2-26 ) becomes : 
-r • lJU/h (2-27) 
where T • T throughout the remainder of  thi s the s is. xy 
Equat ion (2-27 ) indicat es that the shear s tre s s  distr ibut ion is 




We can now pro c eed to compute the damp ing for c e  that act s  
on the surfaces o f  the p late s . The damp ing force can b e  computed 
as: 
( 2-28) 
where A is the surface area on which the damp ing forc e  acts . For 
n number of p late s , both s id e s  of each p late be ing exposed to the 
f luid , the equat ion is: 
Fd • 2n�AU/h 
or 
F = c U d 
( 2-29) 
( 2-30) 
where c • 2nuA/b is the coeffic ient of the damper . F igure 9 
shows the sugges ted damper symbo l . 
Equat ion ( 2-30 )  sugg e s t s  the following: the sma l l er the h 
va lue, the higher the c va lue; the more vi scous the f luid used, 
20 
the higher the damp ing. Also  the larger the area , and the more 
the number of p lates , the higher the damp ing coefficient . 
11 
Figure 9 
2-3 Both Terminals  o f  the Damper Move Stead i ly with Different 
Ve lo c it ie s  but in Phase  
Again , for s imp lic ity in ana ly s is , we cons ider two 
para l le l  p la t e s  of  the damper that move un iformly with differen t  
ve loc it ie s  and in phase  as shown in F igure 10. The p lates  are 
also  a d i stance h apart . 




The boundary cond it ions for this case  may be expres sed as fo l lows : 
at y • 0 ( 2-31) 
at y • h 
App lying the above boundary cond it ions  to Equat ion (2-20 ) ,  
the arbitrary con s tants  are determined 
Sub s t itu t ing the cons tants into Equation (2-20 ) we obtain 
1 """ 2 °2 - ul-u (y)•- � (y - yh) + y + u1 ZlJ dx h (2-32)  
Equat ion (2-32 ) represen t s  the ve loc it y  distribut ion be tween the 
p lates . I t  is  not iceab le from the above equat ion that the 
ve lo c ity profile  cons i s t s  of two componen t s ; a parabo lic part and 
a linear part . I t  shou ld be no t ed that the ve loc ity o f  the f lu id 
is  a funct ion o f  the lower p late  ve loc ity and the upper p late  
ve lo c it y  in add it ion to  the previou s ly defined var iab l e s . 
The Shear Stres s Equat ion 
App ly ing the same approach as in the previou s  case , the 
shear stre s s  wi l l  be 
"[' - (2-33) 
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By dropp ing the pres sure grad ient term ( see the previou s cas e ) ,  
Equat ion ( 2-33 ) reduces  to : 
't ·- -----h (2-34) 
The Damping For ce 
We can proceed now to find the d amp ing force for n 
para l l e l  p late s  in the damper. The above equat ion shows that the 
shear s tre s s  is a func t ion of the differenc e  o f  the two app l ied 
ve loc it ies. That is  to say , that varying u1 and u2 wou ld resu lt 
in varying the she ar s tres s act ing on both surface s  of the plates.  
Fd == 
2nAu ( u - u ) h 1 2 
However, equat ion ( 2-35 )  may be wr itten in the form 
where c = 2�ll is the coeffic ient of the damp er. 
. (2-3 5) 
(2-36) 
Equat ion ( 2-36 ) s hows that the d amper coeffic ient is 
ind ep enden t  of the appl i e d  ve loc ity and it is a funct ion o f� , A ,  
n and h ,  t hat is, vary ing the s e  factor s wi l l  resu lt  in changing 
the d amper co effic ien t  c. 
23 
24 
It shou ld be  noted that the factor 2 in the expres s ion for 
force or c indicates that both s ides of each p late resis t the 
app lied motion . The shear dis tribution of Equation (2-34) i s  
shown in Figure 1 1. 
Figure 11 
Since the shear stre s s  and therefore the resulting damp ing 
force are  invers e ly proport iona l to  h,  in the case of a 
mu lti-p late damper , the gap between the con t ainer wal l  and the 
upper mos t  and lower mo st p lates shou ld be taken into 
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Figure 12 
In our cas e, it  i s  assumed that the d i s tance b e tween the fir s t  
p late from the bot tom and the in terna l surface of the t ank is h .  
This is true a lso for the top p late and the interna l surface of  
the tank top as  shown in Figure 1 2 . 
between each pair of mating p lates . 
Here h is the con s t ant  gap 
2-4 Both Termina l s  of the Damper Move Uniformly with Different 
Ve locit ies But Out of Phase . 
Figure 1 3  
F igure 13 shows the case  in which both termina l s  of  the damper are 
moving in oppos ite d irections . The boundary cond it ions for this 
arrangement may be  stated as the fol lowing : 
at y • 0 
at y • h 
2 5  
In a simi lar manner we app ly the boundary cond itions to 
Equation ( 2-20 ) and find 
1 � 2 (U2 + Ul)  
u (y) • � dx (y - hy )  - h Y + ul ( 2-37 )  
Equation ( 2-3 7 ) represents  the ve locity dis tribution 
between the p lates  as in the previous case and consi s t s  of two 
profiles , a parabolic and a linear profile . 
The Shear Stre s s  Expres sion 
The Shear Stres s can be found by an approach s imi lar to 
the previous cas e . From it we obtain 
( 2-38) 
Dropp ing the pres sure grad ient , Equat ion ( 2-38 ) reduce s  to 
't - ( 2-39) 





where c = 2nA
1J 
h 
is the coeff icient of  the damper . 
RESULTS 
Equat ions ( 2-27 ) , ( 2-30 ) , ( 2-36 ) , and ( 2-41 ) ind icate  that 
the coeffic ient of  the damper is independent o f  the appl ied 
ve loc ity . Thes e  equat ions also ind icate that  the damper 
coefficient is direc t ly proport iona l to the surface area o f  each 
p late , the p late number and the viscos ity of the f luid . Damper 
coeffic ient is inverse ly proport ional to the fluid he ight between 
each pair of  adjacen t  plates . However , s e l e c t ing very viscou s 
f luids  and minimiz ing the f luid height wou ld resu lt in a 
cons iderab le increase in the numerical  va lue of the damper 
coeffic ient . The other two factor s ; the p late number and the 
surface area , are usua l ly restr icted by several con s iderat ions 
such as the we ight of  the damper and the bu lk of  the damper . 
Equat ions ( 2-27 ) and ( 2-41 )  were programmed on an I BM 370  
computer whos e  output resu lt s are shown in the form of tab les  and 
cl:lart s .  Tab le  1 inc lude s  the shear stres s  deno t ed by T ,  the 
damp ing force F ,  the f luid he ight H which are used as  -r , F ,  and h ,  
respe ct ive ly , in the above equat ions . Whereas the p late number n 
2 7  
and the surface area A are comb ined into one symbo l deno ted by  SA . 
I t  is  apparent from Tab le 1 that at H=0 . 01 f t  and SA•l . O  ft 2 the 
damper coeffic ient equals 8 lbf-sec/ft  for glycerine which is  the 
highes t  value as compared to the lubricat ing o i l s  SAE 30 , SAE 1 0  
and wate r  ( see  Appendix B) . I t  is  importan t  t o  not e  that the 
ve lo c ity  represented by the symbo l V in Tab le  1 and the Append ix B 
can represen t  the term U in equat ions ( 2-27 ) and ( 2-29 ) , ( U 1-U2 )  
in equat ions ( 2-34) and ( 2-36 ) o r  (Ul+U2)  in equat ions ( 2-3 9 )  and 
( 2-41 ) .  In thi s  study V is taken to be 4 f t / s e c . Also  note that 
the t erm AM in Tab le  1 and throughout thi s  the s is stands for the 
f luid visco s it y . 
F igur e  14  exhib its the damper coefficient c versus the 
f luid height for d ifferent va lues of the surface area . It is 
not iced that the re lat ionship between the damper coef f i c ient and 
the f luid he ight is hyperbo lic , ind icat ing that the amal ler the 
f luid height , the higher the damper coeff i c ient . ( For f luids  
o ther than glycerine , see Append ix ·· B ) . 
F igures 1 5 and 16  presen t  the damp ing force versus  the 
app lied ve loc ity  for h•0 . 1  ft  and h=0 . 02 ft . 
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Tab l e  1 
AM= 0 . 0400000 LBF - SEC/FT2 ( STEADY FLOW ) 
V= 4 . 00 FT/SEC ( GLYCER I NE )  
T F c H SA 
! _LBF/FT2_ !  LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 --
3 2 . 000000 3 . 1 9 9 9 9 8  0 . 800000 0 . 0 1 00 00 0 . 10 
3 2 . 000000 6 . 3 9 9 9 9 8  1 . 5 9 9 9 9 9  0 . 0 1 0 0 0 0  0 . 2 0 
3 2 . 000000 9 . 5 9 99 9 8  2 . 400000 0 . 0 1 00 0 0  0 . 3 0 
3 2 . 0000 00 1 2 . 7 9 9 9 9 9  3 . 2 00000 0 . 0 1 0000 0 . 40 
3 2 . 000000 1 6 . 000000 4 . 000000 0 . 0 1 00 0 0  0 . 5 0 
3 2 . 000000 1 9 . 1 9 9 9 9 7  4 . 7 9 9 9 9 9  0 . 0 1 00 0 0  0 . 60 
3 2 . 000000 2 2 . 3 9 9 9 9 4  5 . 5 9 9 9 9 9  0 . 0 1 00 0 0  0 . 7 0 
3 2 . 000000 2 5 . 5 9 9 9 7 6  6 . 3 9 99 9 6  0 . 0 1 0 0 0 0  0 . 80 
3 2 . 000000 2 8 . 7 9 9 9 8 8  7 . 1 9 9 9 9 8  0 . 0 1 0000 0 . 9 0 
3 2 . 000000 3 2 . 0 00000 8 . 000000 0 . 0 1 0 0 0 0  1 . 00 
. 
1 5 . 9 9 99 9 6  1 . 5 9 9 9 9 8  0 . 400000 0 . 020000 0 . 10 
1 5 . 9 99 9 9 6  3 . 1 9 9 9 9 9  0 . 800000 0 . 02 0 00 0  0 . 2 0 
1 5 . 9 9 9 9 9 6 4 . 7 9 9 9 9 5  1 . 1 9 9 9 9 9  0 . 020000 0 . 3 0 
1 5 . 9 9 9 9 9 6 6 . 3 9 9 9 9 8  1 . 5 9 9 9 9 9  0 . 02 0 000 0 . 40 
1 5 . 9 9 9 9 9 6 8 . 000000 2 . 000000 0 . 020000 0 . 5 0 
1 5 . 9 9 9 9 9 6 9 . 5 99 9 9 5  2 . 3 9 9 9 9 9  0 . 02 0 0 00 0 . 60 
1 5 . 9 9 9 9 9 6 1 1 . 1 9 9 9 9 3  2 . 7 9 9 9 9 8  0 . 02 0 0 00 0 . 7 0 
1 5 . 9 9 9 9 9 6  1 2 . 7 9 9 9 8 8  3 . 1 9 9 9 9 7  0 . 0 2 0 0 00 0 . 80 
1 5 . 9 9 9 9 9 6  1 4 . 3 99 9 9 0  3 . 5 9 9 9 9 8  0 . 02 0 0 00 0 . 9 0 
1 5 . 9 9 9 9 9 6  1 5 . 9 9 9 9 9 6  3 . 9 9 9 9 9 9  0 . 020000 1 . 00 
1 0 . 6 6 6 6 6 5  1 . 0 6 6 6 6 6  0 . 2 6 6 6 6 6  0 . 0 3 0000 0 . 1 0 
1 0 . 6 6 6 6 65 2 . 1 3 3 3 3 2 0 . 5 3 3 3 3 3  0 . 03 0000 0 . 2 0 
1 0 . 6 6 6 6 6 5  3 . 1 9 9 9 99 .. 0 .  800000 0 . 03 0000 0 . 3 0 
10 . 6 6 6 6 6 5  4 . 2 6 6 6 63 1 . 0 6 6 6 6 6  0 . 03 0000 0 . 40 
10 . 6 6 6 6 6 5  5 . 3 3 3 3 3 2 1 . 3 3 3 3 3 3  0 . 0 3 0 0 0 0  0 . 50 
1 0 . 6 6 6 6 6 5  6 . 3 9 9 9 9 8  1 . 5 9 9 9 9 9  0 . 03 0000 0 . 60 
10 . 6 6 6 6 6 5  7 . 466663 1 . 8 6 6 6 6 6  0 . 0 3 0 0 0 0  0 . 7 0 
1 0 . 6 6 6 6 6 5  8 . 5 3 3 3 2 5 2 . 13 3 3 3 1  0 . 03 0 0 0 0  0 . 80 
1 0 . 6 6 6 6 6 5  9 . 5 9 9 9 9 5  2 . 3 9 9 9 9 9  0 . 03 0 0 0 0  0 . 9 0 
1 0 . 6 6 6 6 6 5  1 0 . 6 6 6 6 64 2 . 6 6 6 6 6 6  0 . 0 3 0000 1 . 00 
7 . 9 9 9 9 9 8  0 . 7 9 9 9 9 9  0 . 200000 0 . 040000 0 . 1 0 
7 . 9 9 9 9 9 8  1 . 5 9 9 9 9 9  0 . 400 0 0 0  0 . 040000 0 . 2 0 
7 . 9 9 9 9 9 8  2 . 3 9 9 9 9 9  0 . 600000 0 . 0400 0 0  t 0 .  3 0 
7 . 9 9 9 9 9 8  3 . 1 9 9 9 9 9  0 . 800000 0 . 040000 0 . 40 
7 . 9 9 9 9 9 8  4 . 000000 1 . 000000 0 . 040000 0 . 5 0 
7 . 9 9 9 9 9 8  4 . 7 9 9 9 9 5  1 . 1 9 9 9 9 9  0 . 040000 0 . 6 0 
7 . 9 9 9 9 9 8  5 . 5 9 9 9 9 5  1 . 3 9 9 9 9 9  0 . 040 0 0 0  0 . 7 0 
7 . 9 9 9 9 9 8  6 . 3 9 9 9 9 4  1 . 5 9 9 9 9 8  0 . 040000 0 . 80 
7 . 9 9 9 9 9 8  7 . 1 9 9 9 9 3  1 . 7 9 9 9 9 8  0 . 040000 0 . 9 0 
7 . 9 9 9 9 9 8  7 . 9 9 9 9 9 6  1 . 9 9 9 9 9 9  0 . 040000 1 . 00 
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T ab l e  1 ( c onti nued ) 
6 . 3 9 9 9 9 9  0 . 6 3 9 9 9 9  0 . 1 60000 0 . 0 5 0 0 0 0  0 . 10 
6 . 3 9 9 9 9 9  1 . 2 7 9 9 9 9  0 . 32 0000 0 . 0 5 0 0 0 0  0 . 2 0 
6 . 3 9 9 9 9 9  1 . 9 1 9 9 9 9  0 . 480000 0 . 0 5 0 0 00 0 . 3 0 
6 . 3 99 9 9 9  2 . 5 5 9 9 9 9  0 . 640000 0 . 05 0 0 0 0  0 . 40 
6 . 3 9 9 9 9 9  3 . 2 00000 0 . 800000 0 . 0 5 0 0 0 0  0 . 5 0 
6 . 3 9 9 9 9 9  3 . 83 9 9 9 9  0 . 9 60000 0 . 0 5 0000 0 . 60 
6 . 3 99 9 9 9  4 . 479 9 9 6  1 . 1 19 9 9 9  0 . 0 5 0000 0 . 70 
6 . 3 9 9 9 9 9  5 . 1 1 9 99 5  1 . 2 79 9 9 9  0 . 0 5 0 0 0 0  0 . 80 
6 . 3 99 9 9 9  5 . 7 5 9 9 9 5  1 . 43 9 9 9 9  0 . 050000 0 . 90 
6 . 3 99 9 9 9  6 . 3 9 9 9 9 8  1 . 5 9 9 9 9 9  0 . 0 5 0 00 0  1 . 00 
5 . 3 3 3 3 3 2 0 . 5 3 3 3 3 3  0 . 1 3 3 3 3 3  0 . 0 60 0 0 0  0 . 1 0 
5 . 3 3 3 3 3 2  1 . 0 6 6 6 6 6  0 . 2 6 6 6 67 0 . 0 6 0 0 0 0  0 . 2 0 
5 . 3 3 3 3 3 2  1 . 5 9 9 9 9 9  0 . 400000 0 . 0 60000 ' !  0 . 3 0 
5 . 3 3 3 3 3 2 2 . 1 3 3 3 3 2  0 . 53 3 3 3 3  0 . 0 60 0 0 0  ' 0 . 40 
5 . 3 3 3 3 3 2 2 . 6 6 6 6 6 6  0 . 6 6 6 6 6 7  0 . 0 6 0 00 0  0 . 5 0 
5 . 3 3 3 3 3 2 3 . 1 9 9 9 9 9  0 . 800000 0 . 0 6 0 0 0 0  0 . 60 
5 . 3 3 3 3 3 2 3 . 7 3 3 3 3 2  0 . 9 3 3 3 3 3  0 . 0 6 00 0 0  0 . 70 
5 . 3 3 3 3 3 2  4 . 2 6 6 66 3  1 . 0 6 6 6 6 6  0 . 0 6 0 0 0 0  0 . 80 
-5 . 3 3 3 3 3 2  4 . 7 9 9 9 9 5  1 . 199999 0 . 0 60 0 0 0  0 . 9 0 
5 . 3 3 3 3 3 2 5 . 3 3 3 3 3 2  1 . 3 3 3 3 3 3  0 . 0 60 0 0 0  1 . 00 
4 . 5 7 1 42 7  0 . 45 7 1 42 0 . 1 1 42 8 6  0 . 0 7 0 0 0 0  0 . 1 0 
4 . 5 7 1 42 7  0 . 9 1 42 85 0 . 2 2 85 7 1  0 . 0 7 0 0 0 0  0 . 2 0 
4 . 5 7 1 42 7  1 . 3 7 1 42 8 0 .  3 42 85 7  0 . 0 7 0 0 0 0  0 . 3 0 
4 . 5 7 1 42 7  1 . 82 8 5 7 0 0 . 45 7 1 43 0 . 0 7 0 0 0 0  0 . 40 ! 
4 . 5 7 1 42 7  2 . 2 8 5 7 1 4  0 . 5 7 1 42 9  0 . 0 7 0 0 0 0  0 .  5 0  I !  
4 . 5 7 1 42 7  2 . 7 42 85 6  0 . 68 5 7 1 4 0 . 0 7 00 0 0  0 . 60 
4 .  5 7 1 4"2 7  3 . 1 9 9 9 9 9  0 . 800000 0 . 0 7 0 0 0 0  0 . 7 0 
4 . 5 7 1 42 7  3 . 6 5 7 1 40 0 . 9 1 42 85 0 . 0 7 0 0 0 0  0 . 80 
4 .
'
5 7 1 42 7  4 . 1 1 42 8 1  1 . 02 8 5 7 0 0 . 0 7 0 0 0 0  0 . 9 0 
4 . 5 7 1 42 7  4 . 5 7 1 42 6  1 . 1 42 85 7  0 . 0 7 00 0 0  1 . 00 
4 . 000000 0 . 400000 0 . 100000 0 . 0 8 0 0 0 0  0 . 1 0 
4 . 000000 0 . 800000 0 . 2 00000 0 . 0 8 0 0 0 0  0 . 2 0 
4 . 000000 1 . 2 00000 0 . 3 00000 0 . 080000 0 . 3 0 
4 . 000000 1 . 5 9 9 9 9 9  0 . 400 000 0 . 0 8 0 0 0 0  0 . 40 
4 . 000000 2 . 000000 0 . 500000 0 . 0 8 0 0 0 0  0 . 5 0 
4 . 000000 2 . 400000 0 . 600000 0 . 0 8 0 0 0 0  0 . 60 
4 . 000000 2 . 7 9 9 9 9 9  0 . 700000 0 . 0 8 0 0 0 0  0 . 7 0 
4 . 000000 3 . 1 9 9 9 9 8  0 . 800000 0 . 0 8 0 0 0 0  o . ao 
4 . 000000 3 . 5 9 9 9 9 8  0 . 900000 0 . 0 8 0 0 0 0  0 . 9 0 
4 . 000000 4 . 000000 1 . 000000 0 . 0 8 0 0 0 0  1 . 00 
3 . 5 5 5 5 5 5  0 . 3 5 5 5 5 5  0 . 088889 0 . 0 9 0 0 0 0  0 . 1 0 
3 . 5 5 5 5 5 5  0 . 7 1 1 1 1 1  0 . 1 7 7 7 7 8  0 . 0 9 0 0 0 0  0 . 2 0 
3 . 5 5 5 5 5 5  1 . 0 6 6 6 6 7  0 . 2 6 6667  0 . 0 9 00 0 0  0 .  3 0  
3 . 5 5 5 5 5 5  1 . 42 2 2 2 2  0 . 3 5 5 5 5 6  0 . 0 9 00 0 0  0 . 40 
3 . 5 5 5 5 5 5  1 . 7 7 7 7 7 8  0 . 444445 0 . 0 9 0 0 0 0  0 . 5 0 
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T ab l e  1 ( c onti nu ed ) 
\ 
3 . 5 5 5 5 5 5  2 . 1 3 3 3 3 3  0 . 5 3 3 3 3 3  0 . 0 9 0 000 0 . 60 
3 . 5 5 5 555 2 . 488889 0 . 6 2 2 2 2 2  0 . 0 9 0 00 0  0 . 70 
3 . 5 5 5 5 5 5  . 2 .  844442 0 . 7 1 1 1 1 1  0 . 090000 0 . 80 
3 . 5 5 5 5 5 5  3 . 1 9 9 9 9 9  0 . 800000 0 . 0 9 0 0 0 0  0 . 90 
3 . 5 5 5 5 5 5  3 . 5 5 5 5 5 5  0 . 8 88889 0 . 0 9 0 0 0 0  1 . 00 
3 . 2 0000 0  0 . 3 2 0000 0 . 080000 0 . 1 00 0 0 0  0 . 1 0 
3 . 2 00000 0 . 640000 0 . 1 60000 0 . 1 00 0 0 0  0 . 2 0 
3 . 2 00000 0 . 9 6 00 0 0  0 . 2 40000 0 . 1 00 0 0 0  0 .  3 0  
3 . 2 00000 1 . 2 80000 0 . 3 2 0000 0 . 100000 0 . 40 
3 . 2 00000 1 . 600000 0 . 400000 0 . 1 00000 0 . 5 0 
3 . 2 00000 1 . 9 20000 0 . 480000 0 . 100000 0 . 60 
3 . 2 00000 2 . 2 40000 0 . 5 60000 0 . 100000 0 . 7 0 
3 . 2 00000 2 . 5 59 9 9 9  0 . 640000 0 . 100000 0 . 80 
3 . 2 00000 2 . 8 7 9 9 9 9  0 . 72 0000 0 . 100000 0 . 9 0 
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Figure 14 . DAMPER COEFFICIENT VS FLUID HEIGHT ( GLYCERINE ) .  
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CHAPTER THREE 
UNSTEADY FLUID FLOW IN THE DAMPER 
Osc i l latory systems if not damped wi ll  continue to 
vibra t e . Even if the induced dynamic forces are safe in static  
app l icat ions , they may cause fat igue failure when vibrat ing . The 
ab senc e of damp ing at t imes creates  vio l ent  ampl itude 
f luc tuat ions ; resonance , and fai lure of machine components  und er 
such cond it ions is  very much po s s ib le . It seems beneficia l  then 
to invest igate the app licat ion of our propo sed damper to 
osc i llat ing mot ions . This  the s is examines the fo l lowing cases . 
3-1 One Termina l of the Damper is F ixed Whi l e  the Other 
Termina l is Exc ited by a Periodic Mot ion 
As exp lained in the se cond chapter , there i s  no f low in 
the y and z d irect ions . Therefore , the ve loc ity components  v and 
w in the s imp l ified Navier-Stokes  equat ions are e qua l to zero . 
Thus , the Navier-Stokes equat ions become ( se e  Equat ions ( 2- 9 )  
through ( 2-1 6 ) ) : 
Du - -
D t  ( 3- 1 )  
where the x-z p l ane i s  t ak en to co inc id e  with the p l a t e  surface 
and the y-ax i s  is taken perpend icu l ar to the o sc i l la t i ng p la t e, a s  
shown in F igure 17 . 
y 
F i gure 1 7  
The Boundary Condit ions 
The Boundary conditions may be stated , as fo l lows : 
1 .  u ( O , t )  • u0ei(  t )  
2 .  u ( h , t )  - o . o 
where u • u ( y , t )  and h is the d i s t ance between the two p lates as 
shown in Figure 17 . The first  boundary cond it ion c an be rewr it ten 
as the rea l part of a comp lex form as : 
u ( O , t ) • RE (u e
i (w t+t ) ) 0 
where the constant . u0 is the ampl itude of the p l at e  ve loc ity , is 
the frequency of the plate o s c i l lat ion , and is the phase  ang le 
of  the app lied mot ion . 
3 6  
So lut ion of the F low Equat ion 
The f luid ve locity must  sat i sfy the boundary cond it ions , 
that is to say , the ve loc ity component u must  a lways b e  para l le l  
to the x - direction and b e  independent o f  x and z .  Therefore , 
a l l  the quantitie s in Equation ( 3-1 ) depend only on the coordinate 
y and the t ime t .  Becau se of thes e  condit ion s , 
3u au au u - • v - • w - • 0 ax ay a z  
and Eq ( 3- 1 ) b ecomes 
au - -
a t  
2 
g - .! !.£. + v (  � ) X p dX oy2 
( 3-2)  
( 3- 3 )  
The fir s t  two terms on the r ight-hand s ide of the above equat ion 
expres s  the 
d .  . b  . 1 9 1 s tr 1  ut 1on • 
S ince 
body force and the instantaneou s pre s sure 
only the case of zero pres sure grad ient is 
phys ically mean ingful for the intend ed applicat ion , we set  the 
pres sure grad ient equal to zero and as ment ioned in Chap t er Two , 
we neg lect  the gravitat iona l body force . Thus , Eq ( 3-3 ) becomes : 
( 3- 4 ) 
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This  is a l inear par t ia l  different ial equation , and it s solut ion 
is very we l l  known
20 • Assuming a time factor u ( t )  
and taking it s f ir s t  derivat ive with respe ct to t ime , we f ind : 
2 a u 1(&) - • - u ay2 " 
The Solut ion of Equat ion (3 -5) 
( 3- 5 )  
A solut
-
ion for Equat ion ( 3- 5) may be  found in  the form1 6  
u (y ) • Ae ( l+i ) Sy + Be- ( l+i ) Sy ( 3-6 ) 
where B• ( w/2v) l /2 i s  the penetrat ion depth of the periodic mo t ion 
through the f luid and A and B are constants  to be  determined from 
the boundary cond it ions . App lying the boundary cond it ions to 
Equat ion ( 3-6 ) and cons ider ing on ly two para l le l  p lates  of the 
proposed damper 
u ei (wt� ) sinh [ ( i+l ) S (h-y ) ] 
u (y ,  t) • -0---���--�-:-- --s inh [ ( i+l ) Sh ]  
( 3-7 )  
Equat ion ( 3-7 ) represent s  the velocity d i s tr ibut i on between the 
p lates  (for detail ed der ivat ion see append ix A) . D ifferen t iat ing 
thi s  equat ion w i t h  respect to y and sub s t itut ing the result ing 
term int o  the equat ion of the shear stres s we obtain : 
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u (ei (wt+E ) ) ( i+l ) S  au  0 -- . ----�����----ay sinh ( i+l ) Sh [ -cosh ( l+i ) S (h-y) ]  
�u (ei (wt+c ) ) ( i+l ) S 0 or T • ----�����-----sin h ( i+l ) Sh [ cosh ( l+i ) S (h-y ) ] (3-8 ) 




Sub st itut ion of y • 0 into Eq (3 -8) resu l t s : 
pu (i+l ) Sei (�t+E ) 0 (-cosh( i+l) Sh) sinh ( i+l ) Sh 
pu ( i+l ) Sei (wt+E ) coth ( i+l) Sh 0 { 3-9) 
The rea l part  of this equat ion may be reduced to the form ( see  
Append ix A) 
I �u0 S [ ( s in2 Sh  + s in h 2 8 h ) c os�t + ( s in2 Sh - s inh 2 8h ) s in�t ] ' y• O • cosh2 Sh - co s2Sh  ( 3- 10 )  
Equat ion ( 3-10 ) ind icates that the shear stres s is a funct ion o f  
time becau se the func t ions co s t and s in t appear i n  the equation . 
However , increa s ing the amp l i tude u and the circu lar frequency 0 
wou ld resu lt in increas ing the shear s tres s .  A l s o , u se of a very 
vi s cou s f lu id wou ld increase the shear stres s; con sequen t ly , the 
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damp ing force wou ld increase . Referring to F igure 1 8  and 
as suming , 
pu08 [ sin2 8h + ainh2 8h ] 
b l 
• 
cosh2Sh - cos2 Sh 
and 
�u0S [sin2Sh - a inh2 Sh ] b 2 • cosh2S - c o s 2 Sh 
Equat ion ( 3-1 0 )  be come s 
T I • b
1
coswt + b2sinwt y•O 
Also from F igure 1 8  we not ice  that 
b 2 sina • _,.....,. __ ., lb 2 + b 2 1 2 
.. J L 
O( :: TA N  :..Ra. ' 
P I  
F i gu re 1 8 
b �  
( 3- 11 ) 
( 3-12 ) 
( 3- 1 3 )  
Mu l t ip ly ing and d iv i d ing Equat ion ( 3- 1 2 ) by lb 12+b22 we ob t a in : 
,.y! o  • �1
2 + b 2 
2 
( cos a coswt + s ina s inwt) ( 3- 1 4 )  
4 0  
or 
. 
T,.!O • "'/ + b2 2 COB (Oit - a) ( 3-15 ) 
where 
is the phase  angle between the period ic mo t ion and the shear in 
the f lu id . 
The interva l at which the max �um she ar s tre s s occur s can 
be determined by s e t t ing cos (wt-a )  • 1 . Therefore , 
wt  - a • 2nn 
2nn a or t • -- + w w where n•0 , 1 , 2 , 3 , • • • .  ( 3-1 6) 
Equat ion ( 3 - 16 )  ind icate s that the shear stre s s  occurs a /w uni t s  
of t ime af ter the periodic mo tion i s  app lied . Thu s , the maximum 
shear stre s s  at y•O may be expressed as 
{ 3- 1 7 )  
o r  





lJ U  B I 0 
/ { s in2Bh + s inh2 Sh)2+( s in2Sh - s inh2Sh)
2 
( c o sh2 6h - co s 2 6h )  
{ 3-18)  
S �p lify ing the above e quat ion gives 
/:Z�u el'<sin2Sh) 2 + ( sinh2 Sh) 2 �y!omax • 0 cosh2Sh - cos2Sh ( 3-1 9 )  
Equat ion ( 3-1 9 )  suggest s  that varying Uo and e wou ld 
resu lt in increas ing or decreas ing the f luid res is t ance to mot ion . 
However , s e lecting very viscous f luids  ( e .g .  g lycer ine ) wou ld 
increas e the shear stre s s  and consequen t ly , the damp ing force and 
the coeffic ient of the damper , as wi l l  be  proven later . 
Now we obtain the expres s ion for the damp ing force at 
y - o .  
{ 3-20)  
where A is the plate  surface are a . For n p lates  submerged in the 
fluid and performing period ic mo tion , we find : 
Fd • 2T I max · A• n ( 3-2 1 )  y• O 
where the two in the above equat ion ind icates  that two sur fa c e s  of 
each plate are expo s e d  to the f luid . Sub s t itut ing Equat i on { 3 - 1 9 ) 
in to Equat ion ( 3-21 ) , we f ind : 
2/:2�u SAn J'<s in 2 Sh ) 2 + ( s inh2 Sh ) 2 




c • 2 � SAnJ'<s in2 Sh) 2 + ( s inh2 Sh ) 2 cosh2 Sh - co s 2 Sh 
( 3-22) 
(3-2 3 )  
is the coeffic ient of the damp er at y•O . No t e  that the 
coe f f ic ien t  of the damper is  independen t  of  the max imum amp l itud e 
of  the ve loc ity u
0
• 
The She ar Str e s s  at y • h 
I 
We sub s t itute y • h into Equat ion ( 3 - 8 )  and f ind : 
�ei (wt+� ) u ( S i+S ) T I • 0 y•h sinh ( i+l ) Sh ( 3-2 4 ) 
The rea l  part of  the above equat ion may be reduce d  to the form 
· ( see  Append ix A) 
1 2pu0S � • { coswt ( sinhSh cosSh + coshSh s inSh) y•h cosh26h - cos26h 
+ sinwt( coshSh s inSh - s inhSh cos Sh) } ( 3-25) 
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Equat ion ( 3-24 ) ind icates  that the shear s tres s increases as u0 , u  
and S increase . However , the se le c t ion of high v i s cou s f luid s  
wou ld me an increas ing the shear · stres s act ing on the surfaces  of 
the p late s ;  consequent ly , increas ing the damp ing force . Referr ing 
to F igure 18 and as suming 
2pu S ( s inhSh cosBh + cosh8h s inBh) 0 . bl • _____ c_o_s....,h-2�S""""h __  c_o_s..,_2...-8h�-----
and 




cosh2Bh - cos Sh 
Equat ion ( 3-25) become s : 
Mu l t ip l ing and d ivi d ing Equat ion (3-28 ) by t{,12 + b.2 2 
ob t a in : 
. ( 3-2 6) 
( 3- 2 7) 
( 3-28)  
we 
(3-2 9 )  
44 
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But from F igure 18 w e  not ice  that 





whe r e  
Q -
The shear s t re s s reaches it s max ima when c o s  ( wt-Q) • 1 ;  
thu s , 
W t  - Q • 2n,. 
or 
( 3-33) 
Not ice that u • u0 co s (w t ) reache s  its max ima when � t • 2n w or 
t • 2ns /� , We conc lude that the max imum shear s tres s occurs a /w 
un it s of t ime af ter the per iod ic mo t ion is app lied . 
The max imum shear str e s s  at y • h may b e  expres sed in the 
form 
or 





{( s inhSh cosSh + c oshSh s inSh) 2 + 
2 ( coshSh s inBh - s inhBh cosBh) 1 
Simp lify ing the above equat ion g ive s , 
I 2�u S ·o T hmax • �---------===== y• �osh2 Sh - cos 2 Sh 
We now ob tain the expre s s ion for the damp ing for c e  at y • h 
( 3-34) 
( 3-3 5) 
(3-36) 
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c • �============= fcosh2Sh-cos2Sh 
i s  the coe f f i c ient of the damper at y • h 
RESULTS 
( 3- 37 )  
Tab le 2 contains  the shear stres s denoted b y  T ,  the 
damp ing for c e  by F ,  the damper co e f f i c ien t by C l , the f luid he ight 
by H ,  the surface are a by A ,  and the number of p l a t e s  comb ined in 
one term as  denot ed b y  SA . The s e  propert ie s of the damper are for 
g ly c e r ine as the f luid med ium and corr espond to the locat ion of 
osc i l lat ing termina l .  I t  is apparent from th i s  tab le tha t the 
damp er coeffic ient tak e s  it s max imum va lue at h•O . Ol f t , SA•l ft 2 , 
and w • 90 rad/ s e c  ( e . g .  C l  • 4 . 0027 Lbf- s e c / f t ) . Resu l t s  for 
g lycer ine as  the f lu id med ium and correspond ing to the f ixed 
termina l of  the damper are inc luded in Append ix C .  
Tab le 2 shows tha t vary ing the fre quenc e ( 1 0 � w ! 90 
rad / s e c ) . does not have a cons iderab l e  impact on the damper 
coe f f i c ient at sma l l  f lu id he ight s ( e . g . Cl  • 0 . 800 008 Lb f-se c / f t  
a t  h•O . Ol ft , SA•0 . 2  f t2 and w •  1 0  rad / s e c  and C l  • 0 . 80 0 5 5 9  
lb f-s e c / f t a t  b•O . Ol ft , SA•0 . 2  ft 2 and w = 9 0  r ad / s e c ) .  This 
47 
ef fect is also  shown in F igure 1 9 .  However ,  the frequenc y 
var iat ion has a cons iderab le effect  on the damper coe f f ic ient at 
large f luid height s . Note that in Tab le 2 and the sub sequent 
tab le s , the ve loc ity ( amp litude ) ,  fre quency and the kinema t ic 
viscos ity are repres ented by the symbo ls  A ,  W and V ,  respe ct ive ly . 
In contras t ,  the frequency var iat ion has a cons iderb le 
effect on the f lu ids  that have le sser vis cos ity than g lycerine at 
sma l l  and large va lues of  the fluid he ight as shown in F igures 20 
and 21 for the lubr icat ing oils SAE 30 and SAE 10 , resp e c t ive ly . 
Tab le 2 a lso  shows that the sma l ler the f lu id he ight , the 
higher the damper coe f f i c ient ( for both C1 and C 2  for lubr icat ing 
o i l  SAE 30 , SAE 1 0 , and water , see Append ix C ) . The same effect  
is shown in F igures  22  and 23 . (For lubr icat ing o i l  SAE 1 0 , and 
water , see  Append ix C ) . However ,  the lubricating o i l  SAE 1 0  shows 
a d ifferent behavior wit� respe ct to the flu id he ight . 
F igure 24 shows the damper coefficient C 1  at  the exc ited 
termina l of the damper ver sus the fluid he ight for the lub r icat ing 
oil  SAE 10 . From thi s  F igure we can ob serve that at sma l l  fluid 
he ight s say , H c 0 . 01 f t  the damper coeffic ient is  very high , but 
as H increase s  C1 decreas e s  up to a certain po int , H=0 . 024 ft . 
However ,  when H b ecome s greater than 0 . 02 4  ft , C l  s tart s  
increas ing for a sma l l  range o f  H then i t  s tay s con s t an t . This is 
due to the fact that when H is high , say , H=0 . 07 f t . ,  this cas e 
becomes equiva l ent to that of one plate os c i l lat ing in an inf in it e  
med ium . 
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Tab l e  2 
AM=0 . 0 400 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0 0  FT2/SEC ( GLCERINE ) 
W= 10 . 00 0  RAD/SEC 
A= 4 . 000 FT/SEC 
T1 F1 C1 H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 - -
1 6 . 000 1 5 3  3 . 2 0003 3 0 . 800008 0 . 0 10000 0 . 2 0 
8 . 0 0 1 12 8  1 . 60022 5 0 . 400 0 5 6  0 . 020000 0 . 2 0 ! . 
5 . 3 3 70 5 7  1 . 0 6 7 4 1 1  0 . 2 6 6853 0 . 03 0 00 0  0 . 2 0 
4 . 0088 1 5  0 . 80 1 7 63 0 . 2 00 44 1  0 . 0 40 0 0 0  0 . 2 0 
3 . 2 1 7 1 7 7  0 . 643 43 5 0 . 1 6 0 8 5 9  0 . 0 5 0 0 0 0  0 . 2 0 
2 . 6 9 62 47 0 . 5 3 9 2 49 0 . 1 3 48 12 0 . 0 6 0 0 0 0  0 . 2 0 
2 .  3 3 2 42 8  0 . 46 6 48 6  0 . 1 1 662 1 0 . 0 7 0 0 0 0  0 . 2 0 
2 . 0 6 9 12 7  0 . 4 1 3 82 6  0 . 1 03 45 6 0 . 0 8 0 0 0 0  0 . 2 0 
1 . 8 7 5 0 1 4  0 . 3 7 5 0 0 3  0 . 0 9 3 7 5 1 0 . 0 9 0 0 0 0  0 . 2 0 
1 . 73 1 2 0 7  0 . 3 46 2 4 1  0 . 0 8 6 5 60 0 . 1 0 0 0 0 0  0 . 2 0 
1 6 . 000 1 5 3  6 . 400 0 63 1 . 6000 1 6  0 . 0 10 0 0 0  0 . 40 
8 . 0 0 1 12 8  3 . 2 00 45 0  0 . 800 1 1 3 0 . 0 2 0 0 0 0  0 . 40 
5 . 3 3 7 0 5 7 2 . 1 3 48 2 3  0 . 5 3 3 7 0 6  0 . 0 3 00 0 0  0 . 40 
4 . 0088 1 5  1 . 603 52 6 0 . 400882 0 . 04000 0 0 . 40 ' 
3 . 2 1 7 1 77 1 . 2 8 68 7 1  0 . 3 2 1 7 1 8 0 . 0 5 0 0 0 0  0 . 40 
2 . 69 62 47 1 . 0 7 8499 0 . 2 69 6 2 5  0 . 0 60000 0 . 40 
. ! 2 . 3 3 2 42 8  0 . 93 2 9 7 1  0 . 2 3 3 2 43 0 . 0 7 0000 0 . 40 
2 . 0 69 12 7  0 . 82 7 6 5 1 0 . 2 0 6 9 13 0 . 080000 0 . 40 
1 . 8 75 0 1 4  0 . 7 5 0 0 0 6  0 . 1 8 7 5 0 1  0 . 0 9 0 0 0 0  0 . 40 
1 . 7 3 1 2 0 7  0 . 6 92 48 3  0 . 1 73 12 1 0 . 100000 0 . 40 
1 6 . 0 0 0 1 5 3  9 . 600 1 0 1 2 . 40002 5 0 . 0 1 0000 0 . 60 
8 . 00 1 12 8  4 . 8 0 0 6 7 4  1 . 2 0 0 1 69 0 . 0 2 0 0 0 0  0 . 60 
5 . 3 3 7 0 5 7  3 . 2 02 2 3 5 0 . 8005 5 9  0 . 0 3 0000 0 . 60 
4 . 0 08 8 1 5 2 . 40 5 2 9 0  0 . 60 1 3 2 3  0 . 040000 0 . 60 
3 . 2 1 7 1 7 7  1 . 9 3 03 0 7  0 . 482 5 7 7  0 . 0 5 0 0 0 0  0 . 60 
2 . 69 62 47 1 . 6 1 7 7 4 8  0 . 40443 7 0 . 0 6 0 0 0 0  0 . 60 
2 . 3 3 2 42 8  1 . 3 9 9 45 7  0 . 3 49 8 6 4  0 . 0 7 000 0 0 . 60 
2 . 0 6 9 1 2 7  1 . 2 4 1 47 6  0 . 3 103 69 0 . 0 8 0 0 0 0  0 . 60 
1 . 8 7 5 0 1 4  1 . 1 2 5 00 9  0 . 2 8 1 2 5 2  0 . 0 9 0 0 0 0  0 . 60 
1 . 73 1 2 0 7  1 . 03 8 7 2 4  0 . 2 5 9 6 8 1  0 . 1 0 0 0 0 0  0 . 60 
� 
1 6 . 000 1 5 3  12 . 8 00 1 2 5  3 . 2 0003 1 0 . 0 10 0 0 0  0 . 8 0 ' 
8 . 0 0 1 12 8  6 . 4008 9 8  1 . 6002 2 4  0 . 0 2 0 0 0 0  0 . 80 
5 .  3 3  7 0-5 7  4 . 2 69 6 46 1 . 0 6 7 41 1 0 . 03 0 0 0 0  0 . 80 
4 . 0088 1 5  3 . 2 0 7 0 5 2  0 . 8 0 1 7 6 3 0 . 0 4000 0 0 . 80 
3 . 2 1 7 1 7 7 2 . 5 7 3 7 43 0 . 6 43 43 6 0 . 0 5 0 0 0 0  0 . 80 
2 . 6 9 6 2 47 2 . 1 5 6 9 9 8  0 . 53 9249 0 . 0 60 0 0 0  0 . 80 
2 .  3 3 2 42 8  1 . 8 6 5 9 42 0 . 46 648 6  0 . 0 7 00 0 0  0 . 80 
2 . 0 6 9 1 2 7  1 . 6 5 5 3 0 2  0 . 4 1 3 82 6  0 . 080000 0 . 8 0 
Tab l e  2 ( continued ) 
1 . 8 7 50 14 
1 . 73 1207 
1 6 . 000 1 5 3  
8 . 0 0 1 1 2 8  
5 . 3 3 705 7 
4 . 0088 1 5  
3 . 2 1 7 1 7 7  
2 . 69 6 2 47 
2 . 3 3 2 42 8  
2 . 0 6 9 1 2 7  
1 . 8 7 5 0 1 4  
1 . 7 3 1 2 0 7  
1 . 5000 1 1  
1 .  3 849 6 5  
1 6 . 000 1 68 
8 . 0 0 1 12 9  
5 . 3 3 7 0 5 9  
4 . 0 08 8 1 6  
3 . 2 1 7 1 7 9  
2 . 6 9 6 2 48 
2 . 3 3 2 42 8  
2 . 0 69 12 8 
1 . 8 7 5 0 1 4  
1 . 7 3 1 2 08 
0 . 3 75003 
0 . 3 46241 
4 . 000042 
2 . 0002 82 
1 . 3 3 42 65 
1 . 002 2 04 
0 . 8042 9 5  
0 . 674062 
0 . 583 107 
0 . 5 1 7 2 82 
0 . 4687 5 4  
0 . 43 2 802 
AM=0 . 0400 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0 9 5 00 FT2/SEC ( GLCER INE ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 090000 
0 . 1 0 0000 
0 . 0 10000 
0 . 020000 
0 . 0 3 0000 
0 . 0 40000 
0 . 0 5 00 0 0  
0 . 0 60 0 0 0  
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0000 
0 . 1 00000 
0 . 80 
0 . 80 
so 
1 . 00 ' 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 ". 00 
1 . 00 
T 1  F 1  C 1  H SA 
! _. LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _  FT2_ 
1 6 . 003 5 7 1  
8 . 02 7 5 1 5  
5 .  42 5 42 4 
4 . 2 1 3 58 1  
3 . 5 9 9 63 0  
3 . 3 1 1 1 5 8  
3 . 2 1 5 5 18 
3 . 23 12 68 
3 . 3 0 3 7 3 9  
3 . 3 9 6549 
1 6 . 003 5 7 1  
8 . 02 7 5 1 5  
5 . 42 5 42 4  
4 . 2 1 3 5 8 1  
3 . 5 9 9 6 3 0  
3 . 3 1 1 1 5 8  
3 . 2 1 5 5 1 8 
3 . 2 3 1 2 6 8  
3 . 3 0 3 7 3 9  
3 . 3 9 6 549 
1 6 . 003 5 7 1  
8 . 02 7 5 15 
5 . 42 5 42 4 
4 . 2 1 3 5 8 1  
3 . 5 9 9 6 3 0  
3 . 2 00 7 1 7  
1 .  605 5 0.3 
1 . 085084 
0 . 842 7 1 6 
0 . 7 19 9 2 6 
0 . 6 62 2 3 2  
0 . 643 1 0 4  
0 . 6462 5 4  
0 . 6 6 0 7 48 
0 . 6 7 9 3 1 0  
6 . 40 143 2 
3 . 2 1 1 0 0 6  
2 . 1 7 0 1 7 0  
1 . 6 8 5 43 2  
1 . 43 9 8 5 2  
1 . 3 2 4463 
" 1 . 2 8 6 2 0 8  
1 . 2 9 2 5 0 7  
1 . 3 2 1 49 5  
1 . 3 5 8 62 0  
9 . 602 1 5 0  
4 . 8 1 6 5 0 9  
3 . 2 5 52 5 5  
2 . 5 2 8 148 
2 . 1 5 9 7 7 9  
0 . 800 1 7 9  
0 . 40 1 3 7 6  
0 . 2 7 12 7 1  
0 . 2 10 6 7 9  
0 . 1 7 9982 
0 . 1 6 5 5 5 8  
0 . 1 6 0 7 7 6  
0 . 1 6 1 5 63 
0 . 1 6 5 1 8 7  
0 . 16982 8  
1 . 6003 5 8  
0 . 802 752 
0 . 542 5 42 
0 . 42 1 3 5 8  
0 . 3 5 9 9 6 3  
0 . 3 3 1 1 1 6  
0 . 3 2 1552 
0 . 3 2 3 12 7  
0 . 3 3 03 7 4  
0 . 3 3 9 65 5  
2 . 40053 7 
1 . 20412 7 
0 . 8 1 3 8 1 4  
0 . 63203 7 
0 . 53 9945 
0 . 0 10000 
0 . 0 2 00 0 0  
0 . 0 3 0000 
0 . 0 40000 
0 . 0 5 00 0 0  
0 . 0 6 0000 
0 . 0 70000 
0 . 080000 
0 . 0 90000 
0 . ·1 00000 
0 . 0 1 0000 
0 . 02 0000 
0 . 0 3 0000 
0 . 040000 
0 . 0 5 0 0 0 0  
0 . 0 60 0 0 0  
0 . 0 70000 
0 . 0 80000 
0 . 0 90 0 0 0  
0 . 1 00000 
0 . 0 1 0000 
0 . 0 2 0 00 0  
0 . 0 3 0 0 0 0  
0 . 040000 
0 . 0 5 00 0 0  
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 ' 
0 . 2 0 
0 . 20 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 .  4.0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
Tab l e  2 ( c ontinued ) 
3 . 3 1 1 1 5 8  
3 . 2 1 5 5 1 8  
3 . 2 3 12 68 
3 . 303 73 9 
3 . 3 9 6549 
1 6 . 003 5 7 1  
8 . 02 7 5 1 5  
5 .  42 5 42 4  
4 . 2 13 5 8 1  
3 . 5 9 9 63 0  
3 . 3 1 1 1 5 8  
3 . 2 1 5 5 1 8  
3 . 23 1 2 68 
3 . 3 0 3 7 3 9  
3 . 3 9 6549 
1 6 . 003 5 7 1  
8 . 02 7 5 1 5  
5 . 42 5 42 4  
" 4 . 2 1 3 5 8 1  
3 . 5 9 9 6 3 0  
3 . 3 1 1 1 5 8  
3 . 2 1 5 5 18 
3 . 2 3 12 68 
3 . 3 03 7 3 9  
3 . 3 9 6 549 
1 . 9 8 6 6 9 4  
1 . 9 2 9 3 12 
1 . 93 8 7 62 
1 . 9 8 2 2 44 
2 . 03 7 9 3 0  
1 2 . 802 8 6 8  
6 . 42 2 0 12 
4 . 3 40 3 3 6  
3 . 3 7 0 8 6 5  
2 . 8 7 97 0 4  
2 . 6 489 2 7  
2 . 5 7 2 4 1 6  
2 . 5 8 5 0 1 5  
2 . 6 42 9 9 1 
2 . 7 17 2 40 
1 6 . 003 5 8 6  
8 . 02 7 5 1 5 
5 .  42 5 42 3  
4 . 2 1 3 5 8 1  
3 . 5 9 9 63 1 
3 . 3 1 1 15 8  
3 . 2 1 5 5 2 1  
3 . 2 3 1 2 7 0  
3 . 3 03 7 40 
3 . 3 9 6 5 5 1 
0 . 49 6 6 7 4  
0 . 482 3 2 8  
0 . 484690 
0 . 49 5 5 6 1  
0 . 5 0 9 48 3  
3 . 2 00 7 1 7  
1 . 605503 
1 . 085084 
0 . 842 7 1 6  
0 . 7 1 992 6 
0 . 6622 3 2  
0 . 643 104 
0 . 6462 5 4  
0 . 6 60 7 48 
0 . 6 79 3 10 
4 . 00089 7 
2 . 00 6879 
1 . 3 5 63 5 6  
1 . 0 5 3 3 9 5  
0 . 89 9908 
0 . 827 790 
0 . 803 880 
0 . 807818 
0 . 82 5 9 3 5  
0 . 849 1 3 8  
AM=0 . 0400 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0 0  FT2/SEC ( GLCER INE ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 60000 
0 . 0 7 0000 
o . oaoooo 
0 . 090000 
0 . 100000 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 60 
0 . 60 
0 . 0 1 0000 
0 . 020000 
0 . 03 0000 
0 . 040000 
0 . 050000 . 
0 . 0 60000 
0 . 0 70000 
0 . 080000 
0 . 090000 
0 . 1 00000 
' 0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 8 0 
0 . 0 1 0000 
0 . 020000 ' 
0 . 03 0000 
0 . 040000 
0 . 050000 
0 . 0 60 0 0 0  
0 . 0 70000 
0 . 080000 
0 . 0 90000 
0 . 100000 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 0 0 
1 . 00 
1 . 00 
1 . 00 
T 1  F 1  C 1  H SA 
! _LBF/FT2_ ! __ LBF __ ! _LB E' - SEC/FT_ ! __ FT __ _ E'T2 
1 6 . 0 1 1 1 6 9  
8 . 088 7 5 1 
5 . 625048 
4 . 64842 7 
4 . 3 3 2045 
4 . 3 3 87 4 1  
4 . 47 9 9 7 0  
4 . 647 4 1 4  
4 .  7 8 6 8 5-9 
4 . 8 80 3 0 6  
1 6 . 0 1 1 1 6 9  
8 . 0 8 8 7 5 1 
! ·  3 . 2 02 2 3 5 
1 . 6 1 7 7 49 
1 . 1 2 5 0 1 0 
0 . 9 2 9 68 5  
0 . 8 6 6 40 9  
0 . 8 6 7 7 48 
0 . 8 9 5 9 9 4  
0 . 9 2 9 48 3  
0 . 9 5 7 3 7 1  
0 . 9 7 60 6 1  
6 . 404472 
3 . 2 3 5 49 9  
0 . 800 5 5 9  
0 . 40443 7 
0 . 2 8 12 5 2  
0 . 2 3 2 42 1  
0 . 2 1 6602 
0 . 2 1 6 9 3 7  
0 . 2 2 3 998 
0 . 2 3 2 3 7 1  
0 . 2 3 9 3 43 
0 . 2440 1 5  
1 . 60 1 1 1 8 
0 . 8 0 8 8 7 5  
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 0 40000 
0 . 0 5 0 00 0  
0 . 060000 
0 . 0 7 0000 
0 . 080000 
0 . 090000 
0 . 100000 
0 . 0 1 0000 
0 . 020000 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
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Tab l e  2 ( c ont inued ) 
5 . 625 048 2 . 2 5 0 0 19 0 . 5 62505 0 . 0 3 0 0 0 0  0 . 40 
4 . 64842 7 1 . 8 5 9 3 69 0 . 464842 0 . 040 0 0 0  0 . 40 
4 . 3 3 2045 1 . 7 3 2 8 1 7  0 . 43 3204 0 . 0 5 0 0 0 0  0 . 40 
4 . 3 3 8 7 4 1  1 . 7 3 5 49 7  0 . 43 3 8 7 4  0 . 0 6 0 0 0 0  0 . 40 
4 . 47 9 9 7 0  1 . 7 9 1 9 8 7  0 . 447 9 9 7  0 . 0 7 0 0 0 0  0 . 40 
4 . 647414 1 . 8 5 8 9 6 5  0 . 464741 0 . 0 80 0 0 0  0 . 40 
4 . 7 8 685 9 1 . 9 14742 0 . 47 8686 0 . 0 9 0 0 0 0  0 . 40 
4 . 8803 0 6  1 . 9 52 1 2 2  0 . 48803 1 0 . 1 0 0 0 0 0  0 . 40 
1 6 . 0 1 1 1 6 9  9 . 6 0 6 7 09 2 . 40 1 6 7 7  0 . 0 10 0 0 0  0 . 60 
8 . 08875 1 4 . 8 5 3 2 49 1 . 2 1 3 3 12 0 . 0 2 0 0 0 0  0 . 60 
5 . 62 5048 3 . 3 7 5 02 7  0 . 843 7 5 7  0 . 0 3 0 0 0 0  0 . 60 
4 . 6 48 42 7 2 . 7 8 9 0 5 5  0 . 6972 64 0 . 040000 0 . 60 
4 . 3 3 2045 2 . 5 9 9 2 2 7 0 . 649807 0 . 0 5 0 0 0 0  0 . 60 
4 . 3 3 8 7 4 1  2 . 603 2 45 0 . 6508 1 1  0 . 0 6 0 0 0 0  0 . 60 
4 . 47 9 9 7 0  2 . 6 8 7 9 82 0 . 6 7 19 9 6  0 . 0 7 00 0 0  0 . 60 
4 . 647414 2 . 7 88 448 0 . 6 9 7 1 12 0 . 080000 0 . 60 
4 . 786859 2 . 8 7 2 1 13 0 . 7 1802 8 0 . 0 9 0 0 0 0  0 . 60 
4 . 8803 0 6  2 . 9 2 8 183 0 . 7 3 2 046 0 . 100000 0 . 60 
! 6 . 0 1 1 1 6 9  12 . 808945 3 . 2022 3 6  0 . 0 1 0000 0 . 80 
8 . 088 7 5 1 6 . 47 0 9 9 7 1 . 6 1 7 749 0 . 0 2 0 00 0  0 . 80 
5 . 62 5 048 4 . 50003 8 1 . 1 2 5 0 1 0  0 . 03 0000 0 . 80 
4 . 64842 7 3 . 7 1 8 740 0 . 929 685 0 . 040000 0 . 80 ' 
4 . 3 3 2045 3 . 465 6 3 5  0 . 8 66409 0 . 0 5 0000 0 . 80 
4 . 3 3 8 7 4 1  3 . 470994 0 . 8 6 7 7 48 0 . 0 6 0 0 0 0  0 . 80 
4 . 479 9 7 0  3 . 5 8 3 9 7 6  0 . 895994 0 . 0 7 0 0 0 0  0 . 80 
4 . 647 414 3 . 7 1 7 9 2 9  0 . 929482 0 . 080000 0 . 80 
! 4 . 786859 3 . 82 9 48 5  0 . 9 5 73 7 1  0 . 090000 0 . 80 
4 . 8803 0 6  3 . 9 0 42 44 0 . 9 7 60 6 1 0 . 100000 0 . 80 
16 . 0 1 1 1 69 1 6 . 0 1 1 1 8 5  4 . 002 79 6 0 . 0 1 0 0 0 0  1 . 00 
8 . 088 7 5 1 8 . 0 8 8 7 45 2 . 022 1 8 6  0 . 0 2 0 0 0 0  1 . 00 
5 . 625 048 5 . 6 2 5 04 6  1 . 40 62 6 1  0 . 03 0 0 0 0  1 . 00 
4 . 64842 7 4 . 64842 6 1 . 1 62 107 0 . 040 0 0 0  1 . 00 
4 . 3 3 2045 4 . 3 3 2 043 1 . 083 0 1 1  0 . 05 0 0 0 0  1 . 00 
4 . 3 3 87 4 1  4 . 3 3 8 7 4 1  1 . 084685 0 . 0 6 0 0 0 0  1 . 00 
4 . 47 9 9 7 0  4 . 4 7 9 9 6 9  1 . 1 1 9992 0 . 0 7 0 0 0 0  1 . 00 
4 . 6474 1 4  4 . 6 4 7 4 1 1 1 . 1 6 1853 0 . 0 8 0 0 0 0  1 . 00 
4 . 7 8 68 5 9  4 . 7 8 6 85 8 1 . 1 9 6 7 1 4  0 . 0 9 0 0 0 0  1 . 0 0 
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Figure 23 . DAMPER COEFFICIENT VS FLUI D  HEIGHT ( OIL SAE 30 ) .  
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Figure 24 . DAMPER COEFFIC IENT VS FJ,UID HEIGHT ( OIL SAE 10 ) . 
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3-2 Both Termina l s  of  the Damper are Exc ited by Per iodic Mo t ions 
We cons ider two para l l e l  p lates of the damper that are 
bo th exc ited by per iod ic mo t i ons . The per iod ic mo t ions have 
d ifferent ve locitie s , thus  the boundary cond it ions may be wr it t en 
a s  the fol lowing : 
u ( h , t )  iwt • u e 2 tor ·£ • 0 . 0 
where ul and u2 are the maximum ampl itude of the . ve lo c it i e s  of  the 
lower and upper p lat e s  respe c t iv e ly , as shown in F igure 2 5 . 
y 
Figure 25 
Sub st itu t ing the boundary cond it ions into Equa t ion ( 3-6 ) w e  ob t a in 
( se e  Append ix A) : 
u (y , t) = eiwt [ u (
e ( i+l) Sy ( 2 s inh ( i+l) Sh- e( i+l ) Sh) +e ( i+l) She- ( i+l ) Sy) 1 2 s inh ( i+l) Sh  
+ u2 
s inh ( i+l) Sy] 
s inh(i+l) Sh ( 3-38) 
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Equat ion { 3-38 ) represen t s  the ve lo c ity distr ibut ion be tween the 
p lates . I t  shows that the ve locity is  a func t ion of pos it ion 
denoted by the vert ical coordinate y and t ime . Not ice an 
important property o f  the above equation is that it is  rap id ly 
damped in the int er ior of the f luid : the amp litude decrease s  
exponen t ia l ly with dist ance away from the p late . 
The Shear Stres s Expres s ions 
We now proceed to ca lculate the shear str e s se s  that act on 
both surfaces of the o s c il lat ing p lates . We obt a in the shear 
s tr e s s  equat ions at y•O and y•h . This is done by taking the fir s t  
derivat ive of  the ve lo c ity and sub s t itut ing the resu lt ing term 
into the equat ion of  the she ar str e s s  { Append ix A) ; thu s  at y=O : 
I /2pS - � Ty=O cosh2Sh _ cos2Sh [ cos.(wt + 4> (u1 sinh2Sh - 2u2sinhSh cosSh) 
· + sin(wt + �) (u1s in26h - 2u2coshSh s inSh) ] ( 3-39 ) 
and at y•h we obt ain : 
+ sin(wt + �) ( 2u1coshSh s inSh - u2s in2Sh) ] ( 3-40 )  
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The shear s tres s equat ions at the upper and lower p lates 
show a 45° pha s e  d ifference between the ve locity and the shear . 
It i s  apparent from Equat ion (3-3 9) and Equat ion ( 3-40 ) that the 
shear stre s s  is proport iona l to the viscos ity of the f luid and the 
square root · of  the frequency , that is , us ing a very vi s cous fluid 
as a working sub s tance in the damper wi l l  resu lt in increas ed 
shear stres se s  on the plat e s  surfaces ,  con sequen t ly larger damp ing 
for ces . 
A. Both Termina l s  of  the Damper are Excited by In-Phas e  
Per iodic Mot ions o f  Same frequenc ies and Ve loc ities  
In  this case , the ve locitie s  ( ampl itudes ) o f  both mot ions 
are as sumed to be o f  the same magnitude and the p lates  move in 
phase  as shown in F igure 26 . The bound ary cond it ions may be 
wr it ten as the fo l lowing : 
iwt 
u (O , t )  • u e 0 
icut 
u (h , t )  • u e 0 for £ = 0 
r I 
- - L_:_: r:_ . �� --__ .... � - � - .. · ·c t J - -- - _j c - - - .  - - ·- --- _. • :....- -
(.3-41) 
' t.J r-- - ·-- ·· --
t).. c -- - � ���----.r�----_-_-_-_-_-_-_�_�_-_-_-_-_-�-·--------�---------�-�---------�J�--------�- � 
Fi gur e 2 6  
6 1  
From Equat ion ( 3-38 ) and the above boundary cond it ions we 
obtain : 
iwt [ e ( i+l) Sy (2sinh ( i+l) Sh - e ( i+l ) Sh ) + u (y , t ) • u e 0 
( i+l ) Sh e e- ( i+l ) By + :2 sinh ( i+l ) Sy ] 
2s inh (i+l ) Sh 
( 3-42) 
Equat ion ( 3-42 ) represents the ve loc ity d i s tr ibut ion be tween the 
plates . I t  shows that the velocity dis tr ibut ion is a func t ion of 
t ime and the vert ical coord inate y .  
The Shear Stre s s  Expres s ion at y • 0 . 0  
S ince the amp litudes o f  both per iodic  mo t ions are as sumed 
to be of the same magnitude , sub st itut ing u1 - u2 • u0 into 
Equat ion ( 3-3 9 ) we ob tain : 
j �u8u 
Ty•O  
• co s h2 Sh -
o
cos2 Sh [ cos (wt + *) ( s inh2 Sh -
(3-43) 
w 2sinhBh cosSh) + s in (wt + 4) ( sin2Bh - 2coshBh s inBh) ] 
The above equat ion may be rewr it t en in the form 
( 3-44)  
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Mu lt ip lying and divid ing Equat ion ( 3-44) by .fb12 + b22 where 
b1 • ( sinh2Bh - 2s inhSh cosSh) 
and 
b2 
• ( s in2Bh - 2coshSh s inSh) 
and referr ing to F igure 1 8  Equat ion ( 3-44 ) become s 
I hiJ suo I 2 + b 2 �y•O • cos h2 Bh - cos28h 'b l 2 
• [ c osa c os ( �t + :> + s ina s in( �t + �) ] 
or 
't I • y•O �IJ 8Uo /bl
2 + b2
2 
cosh2 B h  - cos 28 h  
1f cos (w t + 4 -a ) 
The max imum shear s tres s can be obtained by s e t t ing 
cos ( �t + � - a) • 1 4 
or 
t • 2nw + a 1r w � - 4� 
( 3-4 5) 
( 3-4 6) 
( 3-47) 
Equat ion (3-47 ) ind icates  that the max imum shear s tre s s 
occur s Q 1f ( - - - ) � 4� un it s of t ime af ter the ve locity  reaches it s 
maxima u0 • Thus , 
I 2 /:2� su ( co shSh - co s S h ) "inh 2 Sh + s in2 sh � omax - ------0�------��------��-----------y• cosh2 B h  - cos 2 8 h  ( 3- 48)  
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Equat ion (3-48 ) shows the max imum shear stress  at the lower p late 
where the shear is  proport iona l to the quant i t ie s  � and u0 and the 
square root of the fre quency . The damp ing force can be eas ily 
determined aft er knowing the shear s tr es s , hence 
F • 2AT I max d y•O ( 3-4 9 ) 
where the two in the above equat ion ind icat e s  that  two surfaces of 
each p late are exposed to a f luid . 
For n plates  the damp ing force  at y•O wil l become 
F • 2nA-r I max d y•O 
or 
4 /2 nA� Bu (coshB h ·� cosB h ) �inh2Bh  + sin2B h  0 Fd • ----------�----�---------------------------
cosh2B h - cos2S h 
simpl ifying 
where 
c1 • 4�nAS� ( c o s heh - c o sQh ) "inh2 Sh + s in 2 Sh 
c o s h2 Sh - c os 2 Sh 
i s  the damper co effic ien t . 
( 3-50) 
( 3-51) 
( 3-52)  
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Figure 27 i s  a symbol ic pres entation for this case . 
c 
Figure 2 7  
The Shear Str e s s  Expre s s ion at y•h 
i (a.�-t )  C). . e 
The shear str e s s  at the upper p late is  obtained in the 
same manner as in the previous case . Thus 
I l2pu S 
Ty•h • cosh2Sh _
0
cos2 Sh [ cos (wt + :) ( 2s inhBh cosBh - s inh2Bh) 
11' + sin (�t + 4) ( 2coshSh s inBh - sin2Sh) ] 
and the maximum shear is : 




Compar ing Equat ion ( 3 -49 ) with Equat ion ( 3- 54 )  we infer that : 
-r I max • -r I max y=O y=h 
and therefor e , 
-RESULTS 
( 3-5 5) 
Tab le 3 exhibits  the effect of the f luid height H on the 
damper coe ffic ient C for g lycerine . It is  apparent from Tab le 3 
that the higher the f luid height , the higher the coeff ic ient of 
the damper in the cons idered range of the fluid height ; this is  
a l so shown in F igure 28 . However , the eff ect  of the fluid he ight 
on the damper coefficient for the lubr icating o i l s  SAE 10 and SAE 
30 is differen t  than that on glycerine as shown in F igure 2 9  and 
30 . The se two f igures  exhibit  a new phenomenon that at a certain 
f luid height the damper coefficient is  max imun . However , 
increas ing the f luid height further wil l  resu lt  in a constant 
damper coefficient . This phenomenon can be interpreted by the 
fo l lowing : 
S ince the upper and the lower p late s  are o s c i l lat ing with 
the same ve lo c ity , frequency and are in phase , when h=O the two 
plates are in contact with each other and they move as a so lid . 
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This ind icates that the mot ion with respec t  to the f lu id height 
is  ab sent . Consequent ly , no damp ing takes p lace . However , 
increas ing the f luid he ight in between the two p lates  resu lt s in 
creat ing a re lat ive mot ion between the p lates and the f luid causes  
the p lates to inf luence each other . This inf luence can b e  proven 
by comput ing the penetra� ion depth denoted by B - l of the damped 
wave produced by the osc i l lat ing p lat es into the f lu id . This 
p enetrat ion depth was found to be 0 . 0282 ft  for SAE 10 at a 
frequency of 60  rad / sec . The osc i l lating p lates , howeve r , b ecome 
independent o f  each other when the f lu id height is increased a 
litt le beyond the penetrat ion depth . This s ituat ion become s 
equiva lent to the case of  a p late osc i l lat ing in an inf inite  
medium . 
The he ight ind ependence o f  the damp ing co effic ient was 
checked with the s o lut ion o f  one p late osc i llat ing in an inf inite  
med ium for the lub r icating o i l  SAE 10 . A typ ica l check po int for 
SAE 10  was se le cted at a 60 rad/sec  frequenc y and SA a 1 .  The 
computed damp ing ff . . 1 6  f co e 1.c1.ent o c - 0 . 32 is  marked by an 
aster i sk on the correspond ing curve in F igure 2 9 .  The error leve l 
of  about 6 . 5% ind icates the agreement between thi s research work 
and the ment ioned reference .  We therefore conc lude that the 
maximum amount of  damping occur s approx ima te ly -1 . at 6 wh1.ch 
shou ld be taken into cons iderat ion when this  damper is  to be 
des igned . F igure 3 1  shows that the f luid he ight var ia t ion has no 
effect on the damper coeffic ient if water is emp loyed as the 
67  
damper f luid . Thi s  occurs because the water has a very low 
visco s ity . ( For the o ils  SAE 10  and SAE 30 t ab le s  see  Append ix 
D) . 
Also Tab le 3 ,  F igures 3 2 , 33 , 34 and 3 5  show the effect of 
the angular frequency on the damper coeffic ient for g lyce r ine , o il 
SAE 30 , o i l  SAE 1 0  and water at H • 0 . 01 ft . The s e  figures  and 
Tab le 4 show that the higher the frequenc y of the per io d ic mot ion , 
the higher the damper coeffic ient as might have been s een from the 
damper coeff ic ien t  equat ion ( see Equat ion ( 3- 52 ) ) .  Resu lt s at 
other frequenc ie s  and f lu id heights are given in Appendix D .  
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Table 3 
AM=0 . 040000 LBF-SEC/FT2 ( UNSTEADY FLOW ) 
· V=0 . 09 S OOOO FT2/SEC ( GLYCERI NE ) 
W=1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T ! F C H SA 
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I _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! _FT __ _ FT2_ 
0 . 0842 0 1  
0 . 1 6 842 0 
0 . 2 5 2 62 1 
0 . 3 3 6 7 9 5  
0 . 42 0 9 1 1  
0 . 5 049 1 0  
0 . 5 88 7 1 4 
0 . 6722 02 
0 . 7 5 52 3 1 
0 . 83 7 608 
0 . 0842 0 1  
0 . 1 68 42 0  
0 . 2 52 62 1 
0 . 3 3 6 7 9 5  
0 . 42 09 1 1  
0 . 5049 1 0  
0 . 58 87 1 4  
0 . 6 72 2 02 
0 . 7 5 5 2 3 1 
0 . 83 7 60 8  
0 . 0842 0 1  
0 . 1 68 42 0  
0 . 2 5 2 62 1 
0 . 3 3 6 7 9 5  
0 . 42 09 1 1  
0 . 5049 1 0  
0 . 5 88 7 1 4  
0 . 6 72 2 02 
0 . 7 5 5 2 3 1 
0 . 8 3 7 60 8  
0 . 0842 0 1  
0 . 1 6842 0  
0 . 2 5 2 62 1 
0 . 3 3 6 7 9 5  
0 . 4209 1 1  
0 . 5049 1 0  
0 . 5 88 7 1 4  
0 . 672202 
0 . 01 6840 
0 . 03 3 684 
0 . 05052 4 
0 . 0 6 7 3 5 9  
0 . 0 84 1 8 2  
0 . 1 00 9 82 
0 . 1 1 7 743 
0 . 1 3 4440 
0 . 1 5 1 0 46 
0 . 1 6 7 5 2 2  
0 . 0 3 3 680 
0 . 0 67 3 68 
0 . 1 0 1 048 
0 . 1 3 4 7 1 8  
0 . 1 683 6 4  
0 . 2 0 1 9 64 
0 . 2 3 5486 
0 . 2 68880 
0 .  3 02 09 2  
0 . 3 3 5 043 
0 . 05 0 5 2 1 
0 . 10 1 052 
0 . 15 1 5 7 3 
0 . 2 02 0 7 7  
0 .  2 52 5 46 
0 .  3 02 9 46 
0 . 3 53 2 2 8  
0 . 40 3 3 2 1 
0 . 45 3 1 3 9  
0 . 5025 65 
0 . 06 7 3 6 1  
0 . 1 3 47 3 6  
0 . 2 02 09 7  
0 . 2 69 43 6 
0 . 3 3 6 7 2 9  
0 . 40 3 9 2 8  
0 . 47 09 7 1  
0 . 5 3 7 7 6 1  
0 . 0042 10 
0 . 00842 1 
0 . 0 12 63 1 
0 . 0 1 6840 
0 . 02 1046 
0 . 02 5 2 45 
0 . 02 9 43 6 
0 . 0 3 3 6 1 0  
0 . 03 7 7 62 
0 . 041880 
0 . 00842 0  
0 . 0 1 6842 
0 . 02 52 62 
0 . 03 3 67 9  
0 . 0 42 09 1  
0 . 05 049 1 
0 . 0588 7 1 
0 . 0 6 7 2 2 0  
0 . 0 7 5 52 3  
0 . 083 7 6 1  
0 . 0 1 2 63 0  
0 . 02 5 2 6 3  
0 . 0 3 7 8 9 3  
0 . 05 0 5 1 9  
0 . 0 6 3 13 7 
0 . 0 7 5 7 3 6 
0 . 0 8 8 3 0 7  
0 . 1 0083 0 
0 . 1 1 3 2 8 5  
0 . 12 5 6 4 1  
0 . 0 1 68 40 
0 . 0 3 3 684 
0 . 05052 4 
0 . 0 6 7 3 5 9  
0 . 084182 
0 . 1 00982 
0 . 1 1 7 7 43 
0 . 1 3 4440 
0 . 0 10000 
0 . 02 0000 
0 . 03 0000 
0 . 04000 0  
0 . 0 5 00 0 0  
0 . 0 6 00 0 0  
0 . 0 7 0000 
0 . 080000 
0 . 090000 
0 . 100000 
0 . 0 1 0000 
0 . 020000 
0 . 03 0000 
0 . 040000 
0 . 050000 
0 . 060000 
0 . 07 0000 
0 . 080000 
0 . 090000 
0 . 100000 
0 . 0 10000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 050000 
0 . 060000 
0 . 0 7 0000 
0 . 080000 
0 . 09 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 02 0000 
0 . 0 3 0000 
0 . 040000 
0 . 05 0000 
0 . 06 0000 
0 . 0 7 0000 
0 . 080000 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 20 
0 . 2 0 
0 . 2 0 
0 .  2 0  
0 .  2 0  
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 80 
0 . 8 0 
0 . 80 
0 . 8 0 
0 . 80 
0 . 80 
0 . 8 0 
0 . 8 0 
Tab l e  3 ( c ontinued } 
0 . 7 5 5 2 3 1 0 . 604185 0 . 1 5 1046 0 . 0 9 0 0 0 0  
0 . 83 7 608 0 . 670087 0 . 1 6 7 5 2 2  0 . 1 00 0 0 0  
0 . 0842 0 1  0 . 0842 0 1  0 . 02 1 0 5 0  0 . 0 1 0 0 0 0  
0 . 1 6842 0  0 . 1 68 42 0  0 . 042 105 0 . 02 0000 
0 . 2 5 2 62 1 0 . 2 5 2 62 1 0 . 0 63 155 0 . 0 3 0000 
0 . 3 3 6 7 9 5  0 . 3 3 6 7 9 5  0 . 084199 ·0 . 040000 
0 . 42 09 1 1  0 . 42 0 9 1 0  0 . 105228 0 . 0 5 0 0 0 0  
0 . 5049 1 0  0 . 5 049 1 0  0 . 12 62 2 7  0 . 0 6 0 0 0 0  
0 . 588 7 1 4  0 . 5 88 7 1 4 0 . 1 47 1 7 9  0 . 0 7 0 0 0 0  
0 . 672202 0 . 6 7 2 2 02 0 . 1 68050 0 . 080000 
0 . 7 5 52 3 1 0 . 7 5 52 3 1  0 . 188808 0 . 0 9 00 0 0  
0 . 83 7 608 0 . 83 7 609 0 . 2 09 402 0 . 100000 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW } 
V=0 . 09 5 0000 FT2 /SEC ( GLYCER I NE ) 
W=5 0 . 000 RAD/SEC 
_ A= 4 . 000 FT/SEC 
! T F c H 
! . LBF/FT2 ! - - LBF __ ! _LBF- SEC/FT_ ! __ FT 
0 . 42 1 044 0 . 0842 0 9  0 . 02 1 05 2  · o . 0 1 00 0 0  
0 . 8419 1 5  0 . 1 68 3 8 3  0 . 042 0 9 6  0 . 02 0000 
1 . 2 6 1 7 82 0 . 2 5 2 3 5 6  0 . 063 089 0 . 0 3 0000 
1 . 67 843 5 0 . 3 3 5 6 8 7  0 . 083922 0 . 040000 
2 . 087 7 7 8  0 . 4 1 7 5 5 6  I 0 . 104389 0 . 0 5 00 0 0  
2 . 483 42 9 0 . 49 6 6 8 6  0 . 12 41 7 1  0 . 0 6 0 0 0 0  
2 . 85 6 7 6 1  0 . 5 7 13 5 2  0 . 142 8 3 8  0 . 0 7 00 0 0  
3 . 19 7 67 6  0 . 63 9 5 3 5  0 . 1 5 9884 0 . 080000 
3 . 49 5 9 1 7  0 . 699 1 83 0 . 1 7 47 9 6  0 . 09 0000 
3 . 743 062 0 . 7 48 6 1 2  0 . 187 1 5 3  0 . 1 00 0 0 0  
0 . 42 1 044 0 . 1 684 1 7 0 . 042 104 0 . 0 1 0000 
0 . 84 1 9 1 5  0 . 3 3 6 7 6 6  0 . 0841 9 1  0 . 02 0000 
1 . 2 6 1 7 82 0 . 5 047 12 0 . 12 6 1 7 8  0 . 03 0000 
1 . 67 8 43 5  0 . 6 7 13 7 4  0 . 1 6 7844 0 . 040000 
2 . 08 7 7 7 8  0 . 8 3 5 1 1 1  0 . 2 0 8 7 7 8  0 . 0 5 0000 
2 . 48 3 42 9  0 . 9 9 3 3 7 1  0 . 248343 0 . 0 60000 
2 . 85 6 7 6 1  1 . 142 704 0 . 2 8 5 6 7 6  0 . 07 0000 
3 . 1 9 7 6 7 6  1 . 2 79 0 7 0  0 . 3 1 9 7 68 0 . 080000 
3 . 49 5 9 1 7  1 . 3 9 83 6 6  " ! 0 . 3 49592 0 . 0 9 0 000 
3 . 743 062 1 . 49 7 2 2 4  0 . 3 7 43 0 6  0 . 100000 
0 . 42 1 044 0 . 2 5 2 6 2 6  0 . 063 1 5 7  0 . 0 1 0000 
0 . 84 1 9 1 5  0 . 505 148 0 . 1 2 62 8 7 0 . 02 0000 
1 . 2 6 1 7 82 0 . 7 5 7 0 6 9  0 . 1 89 2 6 7  0 . 03 0000 
1 . 67843 5  1 . 00 7 0 6 1  0 . 2 5 1 7 65 0 . 040 000 
2 . 08 7 7 7 8 1 . 2 52 6 6 6  0 . 3 13 1 6 7  0 . 05 0000 
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0 . 8 0 
0 . 80 
1 . 0 0 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 




0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 20 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
!- 0 .  40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 6 0 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 6 0 
T ab l e  3 ( c onti nued ) 
2 . 483 42 9  1 . 49 005 6 
2 . 85 6 7 6 1  1 . 7 1 4054 
3 . 1 9 7 6 7 6  1 . 9 18 6 04 
3 . 49 5 9 1 7  2 . 0 9 7 5 5 0  
3 . 743 0 62 2 . 2 45 83 6 
0 . 42 1044 
0 . 8419 1 5  
1 . 2 6 1 7 82 
1 . 67 843 5 
2 . 087 7 7 8  
2 . 483 42 9 
2 . 85 6 7 6 1  
3 . 1 9 7 6 7 6  
3 . 49 5 9 1 7 
3 . 743 0 62 
0 . 42 1044 
0 . 841 9 1 5 
1 . 2 6 1 7 8 2  
1 . 6 7 84 3 5  
2 . 0 8 7 7 7 8  
2 . 483 42 9 
2 . 8 5 6 7 6 1  
3 . 1 9 7 6 7 6  
3 . 49 5 9 1 7  
3 . 743 062 
0 . 3 3 683 5 
0 . 6 7 3 5 3 1 
1 . 00942 4  
1 . 3 42 7 48 
1 . 6 7 0 2 2 0  
1 . 9 8 6 7 4 1  
2 . 2 8 5 40 6  
2 . 5 5 8 1 3 8  
2 . 7 9 6 7 3 2  
2 . 9 9 4447 
0 . 42 1 044 
0 . 841 9 1 4  
1 . 2 6 1 7 82 
1 . 6 7 843 5 
2 . 0 8 7 7 7 8  
2 . 48 3 42 7  
2 . 85 6 7 5 9  
3 . 1 9 7 6 7 5  
3 . 49 5 9 1 8  
3 . 743 0 6 1  
0 . 3 72 5 1 4 
0 . 42 85 1 4  
0 . 479 6 5 1  
0 . 5243 88 
0 . 5 6 145 9  
0 . 0842 09 
0 . 1 68 3 83 
0 . 2 52 3 5 6  
0 . 3 3 5 68 7  
0 . 4 1 7 5 5 5  
0 . 49 6685 
0 . 5 7 1 3 52 
0 . 6 3 9 5 3 5  
0 . 699 183 
0 . 748 6 12 
0 . 1 05 2 6 1  
0 . 2 10479 
0 . 3 1 5 446 . !  
0 . 419 609 
0 . 5 2 1 945 
0 . 62 0857 
0 . 7 14190 
0 . 7 9 9 4 1 9  
0 . 873 9 80 
0 . 9 3 5 7 65 
AM=0 . 040 000 LBF- SEC/FT2 ( UNSTEADY F40W ) 
V=0 . 09 5 0000 FT2/SEC ( GLYCER I NE ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 6 00 0 0  
0 . 0 7 0 0 0 0  
0 . 0 8 0 0 0 0  
0 . 0 9 0 0 0 0  
0 . 1 0 0 0 0 0  
0 . 0 1 0000 
0 . 02 0 0 0 0  
0 . 0 3 0 0 0 0  
0 . 040 0 0 0  
0 . 050000 
0 . 060000 
0 . 0 7 0 0 0 0  
0 . 080000 
0 . 0 9 0 0 0 0  
0 . 1 0 0 0 0 0  
0 . 0 1 00 0 0  
0 . 0 2 0 0 0 0  
0 . 03 0 0 0 0  
0 . 0 40000 
0 . 05 0 0 0 0  
0 . 060000 
0 . 0 7 0000 
0 . 080000 
0 . 090000 
0 . 1 00 0 0 0  
T F C H 
! _LBE'/FT2_ ! __ LBF __ ! _LBE'- SEC/FT_ ! __ FT __ 
0 . 7 5 7 8 63 
1 . 5 14729 
2 ·. 2 65 692 
2 . 9 9 83 1 8  
3 . 690464 
4 . 3 1 1 5 45 
4 . 82 8 7 3 8  
5 . 2 1 7 3 7 5  
5 . 469982 
5 . 5 9 8 42 0 
0 . 7 5 7 8 63 
1 . 5 1 4729 
0 . 1 5 1 5 7 2  
0 . 3 02 94 6  
0 . 45 3 1 3 8  
0 . 5 9 9 6 6 3  
0 . 73 8093 
0 . 862 3 09 
0 . 9 6 5 7 48 
1 . 043 474 
1 . 0 9 3 99 6 
1 . 1 1 9 68 3  
0 . 3 0 3 1 45 
0 . 6 0 5 8 9 2  
0 . 037893 
0 . 0 7 5 7 3 6 
0 . 1 13 2 85 
0 . 1 49 9 1 6  
0 . 1 84523 
0 . 2 1 5 5 7 7 
0 . 2 4 1 4 3 7  
0 . 2 6 0869 
0 . 2 7 3 49 9  
0 . 2 7 9 9 2 1 
0 . 0 7 5 7 8 6  
0 . 1 5 1473 
0 . 0 1 00 0 0  
0 . 02 0000 
0 . 0 3 0000 
0 . 040000 
0 . 0 5 0 0 0 0  
0 . 0 6 0 000 
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0 0 0 0  
0 . 1 0 0 0 0 0  
0 . 0 1 0 000 
0 . 02 0000 
71 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 8 0 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
SA 
FT2 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 .  2 0  
0 .  2 0  
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
7 2  
Tab l e  3 ( c ont i nued ) 
2 . 2 6 5 6 92 0 . 9 0 62 7 6  0 . 2 2 6 5 6 9  0 . 0 3 0 0 0 0  0 . 40 
2 . 9 9 83 1 8 1 . 1 9 9 3 2 7  0 . 2 9 9 8 3 2  0 . 040000 0 . 40 
3 . 690464 1 . 4 7 6 1 8 5  0 . 3 69046 0 . 0 5 0 000 0 . 40 
4 . 3 1 1 5 45 1 . 7 2 4 6 1 7  0 . 43 1 1 5 4  0 . 0 60000 0 . 40 
4 . 82 8 7 3 8 1 . 9 3 1 49 6 0 . 482 8 7 4  0 . 0 7 0000 0 . 40 
5 . 2 1 7 3 7 5  2 . 0 8 6 9 5 0  0 . 5 2 1 7 3 8  0 . 0 8 0 000 0 . 40 
5 . 4 69 9 82 2 . 1 8 7 9 9 3  0 . 5 4 6 9 9 8  0 . 0 90 0 0 0  0 . 40 
5 . 5 98 42 0  2 . 2 3 9 3 6 7 0 . 5 5 9 8 42 0 . 1 00000 0 . 40 
0 . 7 5 7 8 6 3  0 .. 4 5 47 1 7  0 . 1 1 3 67 9  0 . 0 1 0000 0 . 60 
1 . 5 1472 9 0 . 9 0883 8 0 . 2 2 72 0 9  0 . 02 0000 0 . 60 
2 . 2 65 692 1 . 3 5 9 4 1 4  0 . 3 3 9 8 5 4  0 . 0 3 0000 ' 0 . 60 
2 . 9 983 18 1 . 7 9 8989 0 . 449 7 47 0 . 040000 0 . 60 
3 . 6 90464 2 . 2 1 42 7 6  0 . 5 5 3 5 69 0 . 0 5 0 0 0 0  0 . 60 
4 . 3 1 1 5 45 2 . 5 8 692 6 0 . 64673 1 0 . 0 60 0 0 0  0 . 6 0 
4 . 82 8 7 3 8  2 . 8 9 7 2 4 3  0 . 7 2 43 1 1  0 . 0 7 0 0 0 0  0 . 6 0 
5 . 2 1 7 3 7 5  3 . 1 3 0 42 4 0 . 782 6 0 6  0 . 0 8 0 0 0 0  0 . 60 
5 . 4 69 9 82 3 . 2 8 1 9 8 9  0 . 82049 7  0 . 0 9 0 0 0 0  0 . 60 
5 . 5 9 842 0 3 . 3 5 9 0 5 1 0 . 83 9 7 63 0 . 1 0 0 0 0 0  0 . 60 
· o .  7 5 7 8 63 0 . 6 0 62 89 0 . 1 5 1 5 72 0 . 0 1 00 0 0  0 . 80 
1 . 5 1 472 9  1 . 2 1 1 783 0 . 3 02 9 4 6  0 . 02 0 0 0 0  0 . 80 
2 . 2 6 5 6 9 2  1 . 8 1 2 5 5 2  0 . 453 1 3 8 0 . 0 3 0 0 0 0  0 . 80 
2 . 9 9 83 1 8  2 . 3 9 8 65 0  0 . 5 9 9 6 6 3  0 . 0 40 0 0 0  0 . 80 
3 . 690464 2 . 9 5 2 3 7 0  0 . 7 3 8093 0 . 0 5 0 0 0 0  0 . 8 0 
4 . 3 1 1 545 3 . 449 2 3 4 0 . 8 6 2 3 0 9  0 . 0 6 00 0 0  0 . 80 
4 . 82 8 7 3 8  3 . 8 62 9 89 0 . 9 65 7 47 0 . 0 7 0 0 0 0  0 . 8 0 
5 . 2 1 73 7 5  4 . 1 7 3 8 9 7  1 . 043 474 0 . 0 8 0 0 0 0  0 . 80 
5 . 469 9 82 4 . 3 7 5980 1 . 0 9 3 9 9 5  0 . 09 0 0 0 0  0 . 80 
5 . 5 9 842 0 4 . 47 8 7 3 3  1 . 1 1 9 683 0 . 1 00 0 0 0  0 . 80 
0 . 7 5 7 8 63 0 . 7 5 7 8 6 3  0 . . 1 89 4 6 6  0 : 0 1 00 0 0  1 . 00 
1 . 5 1 47 2 9  1 . 5 1 473 0 0 . 3 7 8683 0 . 02 0 0 0 0  1 . 00 
2 . 2 6 5 69 2  2 . 2 65 69 2  0 . 5 6 642 3 0 . 0 3 0 0 0 0  1 . 0 0 
2 . 9 9 83 1 8  2 . 9 9 83 1 7  0 . 7 49 5 7 9  0 . 040000 t 1 . 0 0 
3 . 690464 3 . 6 9 0465 0 . 922 6 1 6  0 . 05 0 0 0 0  1 . 0 0 
4 . 3 1 1 5 45 4 . 3 1 1 543 1 . 0 7 7 8 8 6  0 . 0 6 00 0 0  1 . 00 
4 . 82 8 7 3 8  4 . 82 8 7 3 9 1 . 2 0 7 1 8 5  0 . 0 7 0000 1 . 00 
5 . 2 1 7 3 7 5  5 . 2 1 7 3 7 3  1 . 3 043 43 0 . 0 8 0 000 1 . 00 
5 . 469982 5 . 469982 1 . 3 6 7 4 9 6  0 . 09 0 0 0 0  1 . 00 
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Figure 28 . DAMPER COEFFICIENT VS FLUID HEIGHT ( GLYCERINE ) .  
7 3  











00 . 0 0 
_/ 
U N S T E �D Y  F L. O W  
o . :> " o . :> s 
H - F=" T  
* Reference # 16 




o . :> s 













00 . 00 c . o 2 
U N S T E A. D Y  � L O W  
Q . 0 4 0 . 06 � - F" T o . o s 
o.s 
o . 6  
o. 2 
W = 60 
o .  i 0 
Figure 30 . DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 30 ) .  
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Figure 31 . DAMPER COEFFICIENT VS FLUID HEIGHT ( WATER ) .  
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Figure 34 .  DAMPER COEFFICIENT_ VS FREQUENCY ( OIL SAE 30 ) . 
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B .  Both Termina ls  o f  the Damper are Excited by Out of  Phase 
Periodic Mot ions of the Same Frequenc ie s and Ve loc it ie s  
In thi s case , the velocit ies ( amplitude s )  of both mot ions 
are assumed to be  of  the same magnitude , therefore , the boundary 
cond itions for this case may be expres sed as the following : 
-
u (O, t ) • u e iwt 0 
u (h , t ) • -u e iwt 0 
.. - -
i ( wt} -
for £ • 0 
I 




















S inc e th i s  ca se i s  a par t i cu lar case from the gener a l  
s t at e  F igure 2 5 ,  where u1 -u0 , and u2•-u0 • We therefore sub s t i t u t e  
them into Equat ion ( 3-38 ) ,  hence we ob tain 
u (y , t ) • u eiwt [ e (i+l) Sy (2s inh {i+l ) Sh - e (i+l ) Sh) 0 
+ e ( i+l ) She- ( i+l) Sy - 2s inh ( i+l ) Sy 
2 s inh ( i+l ) Sh 1 
( 3-5 7) 
Equat ion (3-57 )  represen t s  the ve locity distribut ion be tween the 
plate s . 
The Shear Stre s s  at the Lower P lat e y•O 
The shear s tres s at y • 0 . 0  can be found by  sub s t itut ing 
ul • u0 , u2 • -u0 ; into equat ion ( 3-3 9 ) thus , 
I 2lJU 8 Ty•O • cosh2Sh � cos2Sh � cos (wt + :) ( s inh2Sh + 2s inhSh cos Sh) 
'7r + s in(wt + 4) ( s in26h + 2coshSh sinSh) ] ( 3- 58) 
so lving the above equat ion in a s imilar manner as in the previous 
case , we obtain , 
't 1 0 • 2h,lJ Su ( c:oshSh + c: os Sh ) ;; i h2 2 y• o co sh2 8 h  - cos2 Sh 5 n Sh + s in Sh x 




-1 sin2Sh + 2cosh6h s inBh a • tan s inh2Bh + 2s inh6h cosSh 
is the phas e  ang l e . 
The maximum shear stre s s  can be found by set t ing cos (wt � � -a) = l 
Therefore , 
( 3-60) 
Equat ion (3-60 ) shows the t ime int ervals at  whi ch the maximum 
shear str e s s  occur s .  Thus , 
TJomax • 2 fi,• Suo ( coshBh + cos Sh ) �  i h2 2 J � cosh2 Bh - cos 2 Bh 5 n Bh + sin Sh ( 3-61) 
The damping for ce is  obtained for two surfa ces of each p late be ing 
exposed to a f luid 
Fd a 2T�0max, A 
For _ n para l l e l  p lates in the d amper , 
Fd = 2 . Tylomax. A . n  
or 
where 
4 � S An 
c• --���----�- ( co s hSh + cosS h ) �inh2S h  + s in 2 S h )  cos h 2 6 h  - co s 2 8 h  





The Shear Stre s s  at the Upper P late , y•h 
Sub st itut ing u1 • u0 , u2 • -u0 into the equa t ion ( 3-40 )  we 
obtain 
I /2pu S 
�y=h = cosh2Bh _
0cos2Sh [ cos (wt + Z) ( 2s inhBh cosSh + s inh28h) 
+ s in(wt + :) ( coshBh s inBh + s in26h) ] ( 3-6 5 )  
The maximum shear stre s s  is  obtained by the same approach we used 
in the previous cases , thus 
2/2JJSu ( coshSh + cosSh) ,--�-----
�y!hmax • cos�2 Sh - cos2Sh �inh2Sh + sin2 Bh 
Compar ing equat ion ( 3-6 1 ) with (3-66 ) we conc lude : 
-ry=0
max = � hmax y= 
(3-6 6) 
( 3-67 ) 
There fore , the damp ing force at y=h is equa l to the damp ing for ce 
at y•O . O ,  hence ,  
and 




Tab le 4 shows the effe c t  of the f luid height h on the 
damper coe f f ic ient c for g lycerine . I t  is apparent from Tab le 4 
that the higher the fluid he ight , the sma l ler the damper 
coefficien t , which is  also shown in F igure 37 . However , when the 
lub r icat ing o i l s  SAE 1 0  and SAE 30 are used , the damper 
coefficient exhibits a d ifferent behavior for the f lu id height 
var iat ion than that of g lycerine . This is shown in F igures  38 and 
3 9  where the damper coeffic ient decreases when the f lu id he ight 
between the two o s c i l lat ing p lates  is increased . At a certain 
f lu id height the damper coeffic ient reaches a minimum then 
increases  b e fore leve ling off to a constant va lue . This  
phenomenon can be exp lained as fo l lows : The p lates are · in contact 
with each o ther at h •0 and the re lat ive mot ion is max imum ; 
consequent ly , the energy d is s ipat ion is max imum . This  energy i s  
d is s ipated as heat , a s  can b e  demons trated by two f l a t  plates  
s lid ing over each o ther . Increas ing the fluid height between the 
p lates resu lts  in decreas ing the re lat ive mot ion ( the f luid mus t  
res ist the app lied mot ion ) . A s  a result , the amount o f  damping i s  
reduced . However , the damper co effic ien t  keeps decreas ing as long 
as the osc i l lat ing p lates are inf luenc ed by each other ( for o i l  
SAE 10  e -1  • 0 . 028 ft ) . Once the o s c i l lat ing p lates  become 
independ ent  o f  each other , the damper coeffic ien t  star t s  
increas ing unt i l  i t  reaches a cons tant va lue . This s ituat ion 
become s equiva lent to the case of a p late osc i l lat ing in an 
8 5  
infin it e  f luid med ium ( see the previou s case ) . (For the o i l s  SAE 
1 0  and SAE 30 , and wat er tab les , see append ix E) . 
Tab le 4 ,  F igures  40 and 41 show the effect  of  the 
frequency 
These  two 
on the damper coefficient for g lycerine and o i l  SAE 30 . 
f igures  show that increas ing the frequenc y of the 
per iod ic mot ion does not affect  the damper coeff ic ient at h • 0 . 01  
f t . However ,  for o i l  SAE 10 , increas ing the frequency resu l t s  in 
increas ing s light ly the damper coefficient at h • 0 . 01 ft as shown 
in 
les s  
Figure 
than 
42 . Thi s  occurs s ince the vis cos ity of  o i l  SAE 1 0  is 
that of  oil SAE 30 or g lycerine . (For the effect  of 
the damper coefficient at other f luid heights see  frequency on 
appendix E . ) . 
I t  shou ld be noted that the damper coefficient has 
approx imat e ly the same numerical va lue when the o s c i l lat ing plates  
become independent of each other for thi s  case and the previous 
case . (From F igure 3 8  for o i l  SAE 10 , C = 0 . 30 lbf-sec / ft , at H • 
0 . 08 ft  and SA • 1 . 0 and from F igure 2 9  for the same o i l  C = 0 . 30 
lb f-sec/ f t  at H • 0 . 08 and SA • 1 . 0 ) .  
8 6  
87  
T ab le 4 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 50000 FT2/ SEC ( GLYCERINE )  
W= 1 0 . 000 RAD/SEC 
A= 4 . 0 00 FT/SEC 
! T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 - -
3 2 . 00003 1 6 . 400005 1 . 6 0000 1 0 . 0 10000 0 . 2 0 
1 6 . 0001 68 3 . 2 0003 1 0 . 800008 0 . 02 0000 0 . 2 0 
1 0 . 6 6 7 1 3 4 2 . 1 3 3 42 7  0 . 53 3 3 5 7  0 . 0 3 0000 0 . 2 0 
8 . 00 1 10 6  1 . 6002 2 1 0 . 4000 5 5  0 . 040000 ' 0 . 2 0 
6 . 402 1 49 1 . 2 8043 0 0 . 3 2 0 1 0 7  0 . 050000 0 . 2 0 
5 . 3 3 7 048 1 . 0 6 7 4 1 0  0 . 2 6 6852 0 . 0 60000 0 . 2 0 
4 . 5 7 7 3 45 0 . 9 1 5469 0 . 2 2 8 8 6 7  0 . 0 7 00 0 0  0 . 2 0 
4 . 008808 0 . 80 1 7 62 0 . 200440 0 . 0 80 0 0 0  0 . 2 0 
3 . 5 68094 0 . 7 1 3 6 1 9  0 . 1 7 8 405 0 . 0 9 00 0 0  0 . 2 0 
3 . 2 1 7 1 80 0 . 64343 6 0 . 1 60859 0 . 1 00000 0 . 2 0 
3 2 . 00003 1 12 . 8000 1 1  3 . 200003 0 . 0 1 0000 0 . 40 
1 6 . 0001 6 8  6 . 4000 6 6  1 . 6000 1 7  0 . 02 0000 0 . 40 
1 0 . 667 1 3 4  4 . 2 66853 1 . 0 6 6 7 1 3  0 . 0 3 0000 0 . 40 
8 . 00 1 10 6  3 . 2 00 442 0 . 800 1 1 1  0 . 040000 0 . 40 
6 . 402 1 49 2 . 5 60860 0 . 6402 1 5  0 . 0 5 0 000 0 . 40 
5 . 3 3 7 048 2 . 1 3 48 1 9  0 . 5 3 3 7 0 5  0 . 0 60000 0 . 40 
4 . 5 7 7 3 45 1 . 83093 7 0 . 45 7 7 3 4  0 . 0 7 0000 0 . 40 
4 . 008808 1 . 603 5 2 3  0 . 400 8 8 1  0 . 080000 0 . 40 
3 . 5 68094 1 . 42 72 3 8  0 . 3 5 6809 0 . 0 9 00 0 0  0 . 40 
! . 3 . 2 1 7 1 80 1 . 2 8 6872 0 . 3 2 1 7 1 8  0 . 1 00000 0 . 40 
3 2 . 0000 3 1 1 9 . 2 000 12 4 . 80000 5 0 . 0 1 00 0 0  0 . 60 
1 6 . 0001 68 9 . 600 1 0 1  2 . 40002 5 0 . 02 0000 0 . 60 
1 0 . 667 1 3 4  6 . 400280 1 .- 6000 7 0  0 . 0 3 0000 0 . 60 
8 . 00 1 10 6  4 . 800663 1 . 20 0 1 6 6  0 . 040000 0 . 6 0 
6 . 402 149 3 . 8412 9 0  0 . 9 6 0 3 2 2  0 . 0 5 0000 0 . 6 0 
5 . 3 3 7 048 3 . 2 0222 9 0 . 800 5 5 7  0 . 0 60 0 0 0  0 . 60 
! · 4 . 5 7 7 3 45 2 . 74640 7  0 . 6 8 6 6 0 2  0 . 0 7 0000 0 . 6 0 
4 . 008808 2 . 4052 8 6  0 . 60 1 3 2 1 0 . 080000 0 . 6 0 
3 . 5 68094 2 . 140857 0 . 5 3 52 1 4  0 . 0 9 0 0 0 0  0 . 60 
3 . 2 1 7 1 80 1 . 9 3 03 0 7  0 . 482 5 7 7  0 . 1 0 0 00 0  0 . 60 
3 2 . 0000 3 1 ' 25 . 60002 1 6 . 400 0 0 6  0 . 0 1 0 000 0 . 8 0 
1 6 . 000 1 68 12 . 800 13 7 3 . 2 0003 4 0 . 0 2 0 0 0 0  0 . 8 0 " ! 
1 0 . 667 1 3 4  8 . 5 3 3 707 2 . 1 3 3 42 7  0 . 0 3 0000 0 . 8 0 
8 . 00 1 10 6  6 . 400 88 7  1 . 6002 22 0 . 0 40 0 0 0  0 . 8 0 
6 . 402 149 5 . 12 1 7 1 9  1 . 2 8 0 4 3 0 0 . 05 0000 0 . 8 0 
5 . 3 3 7 048 4 . 2 6 9 6 3 8  1 . 0 6 7 4 1 0  0 . 0 6 00 0 0  0 . 8 0 
4 . 5 7 7 3 45 3 . 6 6 1 8 7 7  0 . 9 1 5 4 6 9  0 . 070000 0 . 8 0 
4 . 0 0 8 8 0 8  3 . 2 0 7 0 4 5  0 . 8 0 1 7 6 1  0 . 0 8 0 0 0 0  0 . 8 0 
88 
T able 4 ( c ont inued )  
3 . 5 6809 4 2 . 85 447 4 0 . 7 1 3 6 19 0 . 090000 0 . 80 
3 . 2 1 7 1 8 0  2 . 5 7 3 7 44 0 . 643 43 6 0 . 1 00000 0 . 80 
32 . 0 0 00 3 1 3 2 . 000015 8 . 000005 0 . 0 1 0000 1 . 00 
16 . 000 1 68 1 6 . 0 0 0 1 68 4 . 000043 0 . 020000 1 . 00 
10 . 6 6 7 1 3 4  1 0 . 6 6 7 1 3 7  2 . 6 66 7 8 4  0 . 0 3 0 0 0 0  1 . 00 
8 . 0 0 1 1 0 6  8 . 0 0 1 1 0 6  2 . 0002 7 7  0 . 0 40 0 0 0  1 . 00 
6 . 402 1 49 6 . 402 1 45 1 . 6005 3 6  0 . 050000 1 . 00 
5 . 3 3 7 04 8  5 . 3 3 7048 ! 1 . 3 3 42 62 0 . 060000 1 . 00 
4 . 5 7 7 3 45 4 . 5 7 7 3 3 9  r 1 . 1 443 3 5  0 . 0 7 00 0 0  1 . 00 
4 . 008808 4 . 008808 1 o 0 02 2 02 0 . 080000 1 . 00 
3 . 5 68094 3 . 5 68 09 3  0 . 8 9 2 02 3 0 . 090000 1 . 00 
3 . 2 1 7 1 8 0  3 . 2 1 7 1 7 8  0 . 8042 9 5  0 . 100000 1 . 00 
AM=0 . 04000 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 50000 FT2 /SEC ( GLYCER INE ) 
W=5 0 . 00 0  RAD/SEC 
. A= 4 . 000 FT/SEC 
T F c H SA - ! 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 ! - -
3 2 . 00068 7 6 . 40 0 1 3 1 1 . 60003 3 0 . 0 10000 0 . 2 0 
1 6 . 003 4 1 8  3 . 2 00 684 0 . 8 00 1 7 1  0 . 02 0000 0 . 2 0 
1 0 . 678283 2 . 1 3 5 6 5 5  0 . 5 3 3 9 1 4  0 . 0 3 00 0 0  0 . 2 0 
8 . 02 7 5 2 2  1 . 605 5 0 4  0 . 40 1 3 7 6  0 . 0 40 0 0 0  0 . 2 0 
6 . 45 3 5 83 1 . 2 9 0 7 1 6  0 . 3 2 2 6 7 9  0 . 0 5 0000 0 . 2 0 
5 . 42 5 43 0 1 . 085 085 0 . 2 7 12 7 1  0 . 0 6 00 0 0  0 . 2 0  
4 . 7 1 6 3 9 4  0 . 9 43 2 79 0 . 2 3 582 0 0 . 0 7 0000 0 . 2 0 
! . 4 . 2 1 3 5 7 9  0 . 842 7 15 0 . 2 10 6 7 9  0 . 080000 0 . 2 0 
3 . 854103 0 . 7 7082 0 0 . 192 7 0 5  0 . 0 9 0000 0 . 2 0 
3 . 5 9 9 62 6 0 . 7 1 9 9 2 5  0 . 1 79 9 8 1 0 : 1 0 0 0 0 0  0 . 2 0 
3 2 . 000 6 8 7  12 . 8002 62 3 . 2 00 0 6 6  0 . 0 1 0000 0 . 40 
1 6 . 003 4 1 8  6 . 40 1 3 63 1 . 6003 4 1  0 . 020000 0 . 40 
10 . 6 7 8 2 8 3  4 . 2 7 1 3 09 1 . 0 6 782 7 0 . 0 3 0000 0 . 40 
8 . 02 7 52 2  3 . 2 1 1 0 0 6  0 . 802 7 5 2  0 . 040000 0 . 40 
6 . 45 3 5 8 3  2 . 5 8 1 43 1  0 . 6 45 3 5 8  0 . 0 5 0000 0 . 40 
5 . 42 543 0 2 . 1 7 0 1 7 1 0 .  5 42 5 43 0 . 0 60000 0 . 40 
4 . 7 1 6 3 9 4 1 . 8 8 6 5 5 8  0 . 47 1 6 3 9  0 . 0 7 0000 0 . 40 
4 . 2 1 3 5 7 9  1 . 6 8 5 43 0  0 . 42 1 3 5 8  0 . 080000 0 . 40 
3 . 854103 1 . 5 4 1 640 0 . 3 85 4 1 0  0 . 0 9 0 0 0 0  0 . 40 . ! 
3 . 5 9 9 62 6 1 . 43 9 849 0 . 3 5 9 9 62 0 . 1 00 0 0 0  0 . 40 
3 2 . 000 6 8 7  1 9 . 2 0 0 3 9 4  4 . 8 0 0 1 0 0  0 . 0 1 00 0 0  0 . 60 
1 6 . 003 4 1 8  9 . 602 047 2 . 400 5 12 0 . 02 0000 0 . 6 0 
1 0 . 6 7 82 83 6 . 40 6 9 6 7  1 . 6 0 1 7 42 0 . 0 3 0 0 0 0  0 . 6 0 
8 . 0 2 7 5 2 2  4 . 8 1 65 0 9  1 . 2 0412 7 0 . 040 0 0 0  0 . 60 
6 . 45 3 5 83 3 . 8 7 2 1 48 0 . 9 6803 7 0 . 05 0000 0 . 60 
Tab l e  4 ( Continued ) 
5 . 42 5 43 0 3 . 2 5 5 2 5 9  
4 . 7 1 63 9 4  2 . 82 9 8 3 6 
4 . 2 1 3 5 79 2 . 5 2 8 1 47 
3 . 854 1 0 3  2 . 3 12 462 
3 . 599 62 6 2 . 1 5 9 7 7 5  
3 2 . 000 6 8 7  
1 6 . 003 41 8  
1 0 . 6 7 82 83 
8 . 02 7 5 2 2  
6 . 45 3 5 8 3  
5 . 42 5 43 0  
4 . 7 1 63 9 4 
4 . 2 13 5 7 9  
3 . 854103 
3 . 59962 6 
3 2 . 000687 
1 6 . 003 4 1 8  
1 0  .. 6 7 8 2 8 3  
· a . 02 7522 
6 . 453 5 8 3  
5 . 42543 0 
4 '! 7 1 63 9 4  
4 . 2 13 5 7 9  
3 . 854103 
3 . 59962 6 
2 5 . 60052 5 
1 2 . 802 7 2 3  
8 . 5 42 6 1 8  
6 . 42 2 0 12 
5 . 1 62 8 6 1  
4 . 3 40 3 40 
3 . 7 7 3 1 12 
3 . 3 70 8 6 1  
3 . 083 2 8 0  
2 . 8 7 9 6 9 8  
3 2 . 000 6 7 1  
1 6 . 003 4 1 8  
1 0 . 6 7 8 2 8 0  
8 . 02 7 5 1 9  
6 . 45 3 5 8 3  
5 . 42 5 43 0  
4 . 7 1 6 3 9 3  
4 . 2 1 3 5 7 7  
3 . 8 5 4 1 0 3  
3 . 5 9 9 62 6 
0 . 8 1 3 8 1 5  
0 . 7 07459 
0 . 6 3 2 03 7 
0 . 5 7 8 1 1 5 
0 . 5 3 9 944 
6 . 400 13 2  
3 . 2 00 68 1  
2 . 1 3 5 654 
1 . 605503 
1 . 2 9 0 7 1 5  
1 . 085085 
0 . 9 4 3 2 7 8  
0 . 842 7 1 5 
0 . 7 7 082 0 
0 . 7 1 9 92 4  
8 . 000 1 7 0  
4 . 000854 
2 . 6 6 9 5 7 0  
2 . 00 6.880 
1 . 6 13 3 9 6  
1 . 3 5 63 58 
1 . 1 7 9 09 8  
1 . 05 3 3 9 4  
0 . 9 6 3 5 2 6  
0 . 899906 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0950000 FT2/SEC ( GLYCERI NE )  
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 6 0000 
0 . 0 7 0 0 0 0  
0 . 080000 
0 . 0 9 00 0 0  
0 . 1 00 0 0 0  
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 0 00 0  
0 . 0 60000 
0 . 0 7 0 0 0 0  
0 .  0800 00.  
0 . 0 9 00 0 0  
0 . 1 00 0 00 
0 . 0 1 00 0 0  
0 . 02 0 0 0 0  
0 . 0 3 0000 
0 . 040000 
0 . 0 5 0 0 0 0  
0 . 0 60000 
0 . 0 70000 
0 . 0800 0 0  
0 . 0 9 0 0 0 0  
0 . 1 0 0 0 0 0  
8 9  
0 . 60 
0 . 60 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
T F G H SA 
! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _ FT2_ 
3 2 . 00140 4  
1 6 . 0 1 1 1 3 9  
1 0 . 7042 7 5  
8 . 088 7 44 
6 . 5 7 1 6 7 8  
5 . 62 5 0 3 9  
5 . 02 2 5 49 
4 . 64842 3 
4 . 43 3 7 5 7  
4 . 3 3 2 04 5  
3 2 . 0 0 1 40 4  
1 6 . 0 1 1 1 3 9  
! . 6 .  400 2 8 0  
3 . 2 02 2 2 9  
2 . 14085 5 
1 . 6 1 7 7 48 
1 . 3 1 43 3 5  
1 . 12 5 0 08 
1 . 0045 1 0  
0 . 9 2 9 68 4  
0 . 8 8 6 7 5 1 
0 . 8 6 640 8 
12 . 8005 6 4  
6 . 40445 7 
1 . 600070 
0 . 800 5 5 7  
0 . 5 3 5 2 1 4  
0 . 40443 7 
0 . 3 2 8 5 8 4  
0 . 2 8 12 52 
0 . 2 5 1 12 8  
0 . 2 3 2 42 1  
0 . 2 2 1 6 88 
0 . 2 1 6 602 
3 . 2 00 1 4 1  
1 . 6 0 1 1 1 4 
0 . 0 1 0 0 0 0  
0 . 02 0000 
0 . 0 3 0 0 0 0  
0 . 040000 
0 . 0 5 00 0 0  
0 . 0 60 0 00 
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0 0 0 0  
0 . 1 00 0 0 0  
0 . 0 1 0 0 0 0  
0 . 0 2 0 0 0 0  
0 . 2 0 ' 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 .  2 0  
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
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Tab l e  4 ( c onti nued ) 
1 0 . 7 0 42 7 5  4 . 2 8 1 7 0 4  1 . 07042 6  0 . 0 3 0000 0 . 40 
8 . 088744 3 . 2 3 5 49 8  0 . 808875 0 . 0 40000 0 . 40 
6 . 5 7 1 6 7 8  2 . 6 2 8 6 7 0  0 . 6 5 7 1 67 0 . 0 5 0000 0 . 40 
5 . 62 5 03 9  2 . 2 5 00 1 4  0 . 5 62 50 4  0 . 0 60000 0 . 40 
5 . 02 2.5 49 2 . 0 09 02 0 0 . 5 02 2 5 5  0 . 0 7 0000 0 . 40 
4. 4 .  6 48 42 3  1 . 85 9 3 69 0 . 464842 0 . 080000 0 . 40 
4 . 43 3 7 5 7  1 . 7 7 3 502 0 . 443 3 7 6  0 . 0 9 0000 0 . 40 
4 . 3 3 2 045 1 . 73 2 8 1 6  0 . 43 3 2 0 4  0 . 1 00000 0 . 40 
3 2 . 00 1 404 1 9 . 2 0082 1 4 . 8002 0 8  0 . 0 1 0000 0 . 60 
' 1 6 . 0 1 1 1 3 9  9 . 606682 2 . 401 67 0  0 . 0 2 0000 0 . 60 
1 0 . 7 0 42 7 5  6 . 42 2 5 5 8  1 . 605 63 9 0 . 0 3 00 0 0  0 . 60 
8 . 088744 4 . 8 5 3 2 4 1  1 . 2 1 3 3 1 0 0 . 0 40000 0 . 60 
6 . 5 7 1 67 8  3 . 9 43 00 4  0 . 9 8 5 75 1 0 . 0 5 0000 0 . 60 
5 . 62 5 0 3 9  3 . 3 7 5 02 2  0 . 843 7 5 6  0 . 0 6 0000 0 . 6 0 
5 . 022 5 49 3 . 0 1 3 5 3 0  0 . 7 5 3 3 82 0 . 0 7 0000 0 . 6 0 
4 . 64842 3 2 . 7 8 9 0 5 2  0 . 6 9 7 2 63 0 . 080000 0 . 60 
4 . 43 3 7 5 7  2 . 6 6 02 5 3  0 . 6 6 5 0 6 3  0 . 0 9 0000 0 . 60 
4 . 3 3 2 045 2 . 5 9 9 2 2 5 0 . 649 8 0 6  0 . 1 00000 0 . 60 
3 2 . 00 1 40 4  2 5 . 6 0 1 105 6 . 4002 7 6  0 . 0 1 0000 0 . 80 
1 6 . 0 1 1 1 3 9  1 2 . 8089 1 4  3 . 2 02 2 2 9  0 . 02 0000 ' 0 . 80 
1 0 . 7042 7 5  8 . 5 63 41 2  2 . 1 4085 3 0 . 0 3 0000 0 . 80 
8 . 088 7 44 6 :470993 1 . 6 1 7 748 0 . 0 40000 0 . 8 0 
6 . 5 7 1 6 7 8  5 . 2 5 7 3 3 9  1 . 3 1 43 3 5  0 . 0 5 0000 0 . 80 
5 . 62 5 0 3 9 4 . 5 0002 7 1 . 12 5 00 7  0 . 0 60000 0 . 80 
5 . 02 2 549 4 . 0 1 803 6 1 � 0045 0 9  0 . 0 7 0000 0 . 80 
4 . 64842 3 3 . 7 1 8 7 3 3  0 . 9 2 9 68 3  0 . 0 80000 0 . 80 
! . 4 . 43 3 7 57 3 . 5 47003 0 . 8 8 6 7 5 1  0 . 0 9 0000 0 . 80 
4 . 3 3 2 045 3 . 4 6 5 6 3 3 0 . 8 6 640 9  0 . 1 0 00 0 0  0 . 80 
3 2 . 00 1 404 3 2 . 0 0 1 3 8 9  8 . 000 3 49 0 . 0 1 0000 1 . 0 0 
1 6 . 0 1 1 1 3 9  1 6 . 0 1 1 1 3 9  4 .-002 788 0 . 0 2 00 0 0  1 . 0 0 
1 0 . 7042 7 5  1 0 . 7 0 42 7 3  2 . 6 7 6068 0 . 0 3 0000 1 . 00 
8 . 088744 8 . 088745 2 . 022 1 8 6  0 . 0 40000 1 . 00 
6 . 5 7 1 6 7 8  6 . 5 7 1 6 7 8  1 . 6 42 9 2 0  0 . 0 5 0000 1 . 00 
5 . 62 5 0 3 9  5 . 6 2 5 03 8 1 . 4062 60 0 . 0 60000 1 . 00 
5 . 02 2 5 49 5 . 02 2 5 49 1 . 2 5 5 63 7  0 . 0 7 0000 1 . 00 
4 . 64842 3 4 . 6 48 4 1 8  1 . 1 62 105 0 . 0 8 00 0 0  1 . 00 
4 . 43 3 7 5 7  4 . 43 3 7 5 4  1 . 1 0843 8 0 . 0 9 0 00 0  1 . 00 
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Figure 38 . DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 10 ) .  
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Figure 39 . DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 30 ) .  
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Figure 40 . DAMPER COEFFICIENT VS FREQUENCY ( GLYCERINE ) .  
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Figure 41 . DAMPER COEFFICIENT VS FREQUENCY ( OIL SAE 30 ) . 
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Figure 42 . DAMPER COEFFICIENT VS FREQUENCY ( OIL SAE 10 ) . 
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C .  Both Termina l s  of the Damper are Excited by Out o f  Phase  
Periodic Mot ions With Differen t Ve loc it ie s 
In thi s  case the ve lo c it ie s  are assumed to be  as the 
fo llowing : 
�1 - uo 
( 3-69 ) 
-u 0 
u2 • -2-
Therefore , the boundary cond it ions may be written in the form 
u ( O ,  t) 
u( h ,  t) 
iC&lt • u e 0 
-uo iC&lt - -- e 
2 
( 3-70) 
From Equat ion ( 3-3 8 )  and the above boundary cond it ions we ob tain , 
iC&lt 





( i+l) Sy ( 2s inh ( i+l) Bh - e
( i+l) Bh) + 
2 s inh ( i+l) S h  
e ( i+
l) Sh e- ( i+
l) Sy - s inh( i+l) By ] ( 3-71) 
Equat ion ( 3-7 1 ) repre s ents  the ve lo c ity distribut ion between the 
p lates . 
-
iC&lt 
__ __.,.._ - - - . .  - -- · -- - · L -=-- �rWto:. -�--:-- __ - rr--:- - - ·  _ ·-· __ _ . ·::.......: · 
u0 e _ -� _ --=- -
I 
• - .· ------�-�-l.========�:=:::::::::::::::::::::::..JJ-------- � 
Figure 43 
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The She ar Stre s s  Expres s ion at the Lower P late y•O 
Ref err ing to Equat ion ( 3-3 9)  and sub s t itut ion u1 • u0 and 
u2 • -u0/2  into it we obtain 
I /ilJSU t • 0 [ ( 1t' y•O (cosh2 Sh - cos 2 Sh) cos w t  + 4 ) (s inh2 Sh + s inhSh cos Sh) 
, 
+ sin (wt + 4 ) ( sin 2 Sh + coshSh s inSh) ] 
or 
I 12l!U s 2 
Ty-0 • cosh2Sh � cos2Sh [ ICs inh2 Sh + s inhSh cosSh) + 
where 
( 
2 1r s in2Sh + coshSh s inSh) x cos (wt + 4 - a) ] 
-1 s in2Sh + coshSh s inSh a • tan s inh2Sh + s inhSh c os Sh 
( 3-7 2) 
( 3-73) 
is  the phase  angle . The max �um shear stre s s  can be obtained by 
sett ing 
cos (�t + � - a) • 1 . 0  
4 
or 
t - ( 211'11 + � - � ) 
w w 4w 
where n • 1 , 2 , 3 • • •  
( 3- 74)  
98 
Equation ( 3-7 4 )  ind icates that the max imum shear s tres s oc cur s 
(� - ..!...) ·  w . 4w un its of  t ime after the ve loc ity reaches it s max imum . 
Thus , the max imum shear s tres s  
I l2�u S T 0max • 0 [ /( sinh2Sh + sinhSh cosSh) 2 + y- cosh2Sh - cos2Sh 
(sin2Sh + coshSh s inSh) 2 
The damp ing forc e  is 
F • 2AT I max d · y•O 
For n para l l e l  p lates in the damper 





212�nAB v1 2 cosh2Sh _ cos2Bh [ ( sinh2Sh + s inhSh cosSh) + 
2 (sin2Bh + coshSh s inBh) 
is the damper coeffic ient at y = 0 
( 3-7 5) 
( 3- 7 7) 
( 3- 7 8) 
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The Shear Stre s s  at the Upper Plate y•h 
Again , in the same manner we have been do ing we f ind the 
shear stre s s  at y•h from Equat ion ( 3-40 ) 
I h"J.tsu 
Ty• h • co sh2 S h  -
0
cos2 Sh [ cos (wt + � ) {2 s inhSh cos Sh + s in�2Sh) 
-
w s in2Sh + s in (w t  + 4 ) ( 2cosh6h s inSh + 2 ) ] 
The max�um shear stre s s  may be expres sed  in the form 
(3-79) 
/2l!U S 
Tylhmax • cosh2 S h � cos 2Bh [l( 2s inhSh cosBh + s inhBh coshSh) 2 + 
( 2coshBh s inBh + s inBh cosSh) 2 ( 3-80)  
The damping for c e  at y•h is obtained for two surfaces of  each 
plate being expo s e d  to a fluid . 
( 3-81) 
For n para l l e l  p lates  the damp ing force is 
( 3-82 ) 
or 
( 3-83) 
2 121J BA.  n c 2 • _c_o_s h�2-=-B�h-----__,;.c_o_s�2�Sh� X 
100 
/(2s inhSh cosSh + s inSh coshSh) 2 + ( 2 coshsh s insh + s insh cossh) 2 
is the damper coeffic ient at the upper plate . 
RESULTS 
Tab les  5 a�d 6 exhib it the results  for the uns teady f low 
for glycer ine in which both terminals of the damper move out of 
phase  with d ifferen t  ve lo citie s  ( amplitude ) .  Tab le  5 represents 
the resu lt s  at the lower p late of the damper and Tab le  6 
represents  the re su l t s  at the upper p late . These  tab le s  reveal 
that the damper coeff ic ients  at both the lower p late and the upper 
p l ate are very s imilar . However , the apparent s l ight d ifference 
between the damper coe f f ic ients at the lower and upper p lates is  
due to round-o ff error in the computat ions . ( e .g .  c c 7 . 200028 
lb f-sec/ft  at B • 0 . 01  ft  and SA • 0 . 60 ft2 from Tab le  5 and c • 
7 . 200003 lbf-sec / f t  at H c 0 . 01 ft and SA • 0 . 60  ft 2 from Tab le 
6 ) . (For the lub r ica t ing o i l s  SAE 1 0 , SAE 30 and the water 
tab les , see  Append ix F ) . 
These  two tab le s  also show that the smal ler the f lu id 
height , the higher the damper coefficient ; this  is  a l so shown in 
Figures 44 and 45 at the upper plate for g lycer ine and oil  SAE 30 . 
The lubricat ing o i l  SAE 10  shows that at a certa in f luid height 
the damper coeffic ient is minimum . By increas ing the f lu id height 
an increased damper coef ficient within the cons idered h range 
occur s , as shown in F igure 46 . (For the damper coeffic ient ver sus 
the fluid he ight at the lower p late see Append ix F ) . 
I t  is apparent from Tab les  5 and 6 and F igure 47 that for 
g lycer ine the var iat ion in the frequency has no effect  on the 
damper coefficient for B =  0 . 0 1  ft ( g lycer ine is very v i s cou s ) . 
101 
However , for H • 0 . 1  f t , increas ing the fre quency wil l increase  
the damper coeff ic ient , as shown in F igure 48 . F igure s 49  and 50 
show the effect  of the frequency on the lubr icating o il SAE 10 , at 
B • 0 . 01  ft and H • 0 . 1  f t , respec t ively . It is  not i ced from 
F igure 50 that a sma l l  variation in the frequency resu l t s  in a 
cons iderab le  effect on the damper coeffic ient . 
10 2  
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T ab l e  5 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0000 FT2 /SEC ( GLYCER I NE )  
W=1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT -FT2 -
2 4 . 000092 9 . 60003 7 2 . 400009 0 . 0 1 0000 0 . 2 0 
1 2 . 0 00 5 0 1 4 . 8002 0 1  1 . 200050 0 . 02 0000 0 . 2 0 
8 . 0 0 1 600 3 . 2 0 0 6 40 0 . 800 1 60 0 . 03 0000 0 . 20 
6 . 003 7 83 2 . 401 5 1 2 0 . 6003 7 8  0 . 040000 0 . 2 0 
4 . 80 73 7 4  1 . 922 9 49 0 . 480 7 3 7  0 . 0 5 0000 0 . 2 0 
4 . 0 12 7 2 8  1 . 60509 1 0 . 40 1 2 7 3  0 . 0 60000 0 . 2 0 
3 . 4487 48 1 . 3 7 9 49 9  0 . 3 448 7 5  0 . 0 7 00 0 0  0 .  2 0  
3 . 03000 7  1 . 2 12 003 0 . 3 0 3 00 1  0 . 080000 0 . 2 0 
2 . 709 188 1 . 0 8 3 6 7 4  0 . 2 7 09 1 9  0 . 0 9 00 0 0  0 .  2 0  
2 . 45 7 9 3 6 0 . 9 83 1 7 5  0 . 2 45 7 9 4  0 . 1 00000 0 . 2 0 
2 4 . 000092 1 9 . 200073 4 . 8 00 0 1 8  0 . 0 10000 0 . 40 
12 . 0005 0 1  9 . 60 0403 2 . 400 1 0 1  0 . 020000 0 . 40 
8 . 001 600 6 . 40 12 7 9  1 . 6003 2 0  0 . 0 3 0000 0 . 40 
6 . 003 7 8 3  4 . 8 0 3 02 4 1 . 2 00 7 5 6  0 . 0 40000 0 . 40 
4 . 807 3 7 4  3 . 8 4 5 8 9 9  0 . 9 6 1 47 5 0 . 0 5 00 0 0  0 . 40 
4 . 0 12 72 8 3 . 2 10 1 82 0 . 802 546 0 . 0 6 0000 0 . 40 
3 . 448748 2 . 7 5 8 9 9 9  0 . 689 7 5 0  0 . 0 7 0000 0 . 40 
3 . 03 0007 2 . 42 40 0 6  0 . 60 600 1 0 . 080000 0 . 40 
2 . 709 1 8 8  2 . 1 6 7 3 5 0  0 . 5 4 1 83 8 0 . 0 9 0000 0 . 40 
2 . 45 7 9 3 6  1 . 9 6 63 48 0 . 49 1 5 8 7  0 . 1 00000 . ! 0 . 40 
2 4 . 000092 2 8 . 8 00 1 1 0  7 . 2 0002 8 0 . 0 1 0000 0 . 60 
12 . 0005 0 1  1 4 . 400608 3 . 600 152 0 . 02 0000 0 . 60 
8 . 00 1 60 0  9 . 6 0 1 9 2 1 2 . 400480 0 . 03 0000 0 . 60 
6 . 003 7 8 3  7 . 2 04540 1 . 80 1 1 3 5  0 . 0 40000 0 . 60 
4 . 8 07 3 7 4  5 . 7 68848 1 . 442 2 1 2 0 . 05 0000 0 . 60 
4 . 0 12 7 2 8  4 . 8 1 5 2 7 3  1 . 2 0 3 8 1 8  0 . 0 6 0000 0 . 60 
3 . 448 7 48 4 . 1 3 849 3 1 . 03 462 3 0 . 0 7 0000 0 . 60 
3 . 03 0007 3 . 6 3 6008 0 . 909 002 0 . 080000 0 . 60 
2 . 709 188 3 . 2 5 102 4 0 . 8 1 2 7 5 6  0 . 090000 0 . 60 
2 . 45 79 3 6  2 . 9 49 5 2 3  0 . 7 3 7 3 8 1  0 . 1 00000 0 . 60 
2 4 . 00009 2 3 8 . 400 1 46 9 . 60003 8 0 . 0 1 0000 0 . 80 
12 . 000 5 0 1  1 9 . 2 00806 4 . 800202 0 . 02 0000 0 . 80 
8 . 001 600 12 . 802 5 5 9  3 . 2 0 0 640 0 . 03 0000 0 . 80 
6 . 003 783 9 . 60 6052 2 . 40 1 5 1 3  0 . 040000 0 . 80 
4 . 8073 7 4  7 . 6 9 1 7 9 2  1 . 9 2 2 948 0 . 05 0000 0 . 80 
4 . 0 12 7 2 8  6 . 42 03 6 1  1 . 605090 0 . 0 60000 0 . 80 
3 . 448 7 48 5 . 5 1 7 9 9 4  1 . 3 7 9 49 8  0 . 0 7 0000 0 . 80 
3 . 03 0007 4 . 848007 1 . 2 12 0 02 0 . 080000 0 . 8 0 
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Tab l e  5 ( continued ) 
2 . 7 0 9 1 88 4 . 3 3 46 9 8  1 . 0 8 3 6 7 4  0 . 090000 0 . 8 0 
2 . 45 79 3 6  3 . 9 3 2 6 9 6  0 . 983 1 7 4  0 . 100000 0 . 80 
2 4 . 000092 48 . 000 1 9 8  1 2 . 00005 1 0 . 0 1 0000 1 . 00 
1 2 . 0005 0 1  2 4 . 0 0 1 02 2  6 . 0002 5 6  0 . 02 0000 1 . 00 
8 . 00 1 60 0  1 6 . 003 2 04 4 . 000802 0 . 030000 1 . 00 
6 . 003 783 12 . 0 0 7 5 7 2  3 . 0 0 1 8 9 3  0 . 040 0 0 0  1 . 00 
4 . 807 3 7 4  9 . 6 1 4742 2 . 403 6 8 6  0 . 0 5 00 0 0  1 . 00 
4 . 0 12 72 8  8 . 02 5455 2 . 00 6 3 64 0 . 0 60 0 0 0  1 . 00 
3 . 448748 6 . 89 749 5 1 . 7243 74 0 . 0 7 00 0 0  1 . 00 
3 . 03 0007 6 . 0600 1 3  1 . 5 1 5 003 0 . 080000 1 . 00 
2 . 709 188 5 . 4183 7 3  1 . 3 5 4593 0 . 090000 1 . 00 
2 . 45793 6 4 . 9 15 8 7 1  1 . 2 2 8 9 68 0 . 100000 1 . 00 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0000 FT2/SEC ( GLYCER I NE ) 
W=50 . 000 RAD/SEC 
A= 4 . 000 FT/S EC 
T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 - -
! 2 4 . 0 0 1 6 7 8  9 . 600 6 7 0  2 . 400 1 67 0 . 0 1 00 0 0  0 . 2 0 
1 2 . 0 1 1 7 9 7  4 . 8047 1 8  1 . 2 0 1 1 8 0  0 . 02 0000 0 . 2 0 
8 . 0 3 9 7 1 3 3 . 2 1 5 88 5  0 . 803 9 7 1  0 . 03 0000 0 . 2 0 
6 . 093 3 5 0  2 . 43 7 3 4 1 0 . 6093 3 5  0 . 040000 0 . 2 0 
4 . 9 79099 1 . 9 9 1 640 0 . 49 7 9 10 0 . 050000 0 . 2 0 ! 
4 . 3 00014 1 . 7 2 000 6 0 . 43 0 0 02 0 . 060000 0 . 2 0 
! 3 . 882 808 1 . 5 5 3 12 3  0 . 3 882 8 1  0 . 0 7 0 0 0 0  0 . 2 0 
3 . 63 462 8 1 . 45 3 8 5 2  0 . 3 63 463 0 . 080000 0 . 2 0 
3 . 49 6945 1 . 3 9 8 7 7 8  0 . 3 49 6 9 5  0 . 090000 0 . 2 0 
3 . 42 9 2 9 8  1 . 3 7 1 7 1 9  0 . 3 42 9 3 0  0 . 100000 0 . 2 0 
2 4 . 0 0 1 6 7 8  1 9 . 2 0 1 3 40 4 . 800 3 3 7  0 . 0 1 0000 ' 0 . 40 
1 2 . 0 1 1 7 9 7  9 . 60943 6 2 . 402 3 5 9 0 . 02 0 0 0 0  0 . 40 
8 . 0 3 9 7 1 3  6 . 43 1 7 7 0  1 . 607 9 43 0 . 0 3 0 0 0 0  0 . 40 
6 . 09 3 3 5 0 ! . 4 . 8 7 46 8 0  1 . 2 1 8 6 7 0  0 . 040 0 0 0  0 . 40 
4 . 9 7 9099 3 . 9 83 2 80 0 . 9 9 5 8 2 0  0 . 0 5 0 0 0 0  0 . 40 
4 . 3 000 14 3 . 440 0 1 3  0 . 860003 0 . 0 6 0 0 0 0  0 . 40 
3 . 882808 3 . 1 0 6247 0 . 7 7 6 5 62 0 . 0 7 00 0 0  0 . 40 
3 . 6 3 462 8 2 . 907 7 0 3  0 . 7 2 6 92 6 0 . 080000 0 . 40 
3 . 496945 2 . 7 9 7 5 5 8  0 . 6993 8 9  0 . 0 9 0 00 0  0 . 40 
3 . 42 9298 2 . 7 43 43 9  0 . 685 8 6 0  0 . 1 00 0 0 0  0 . 40 
2 4 . 00 1 6 7 8  2 8 . 802 002 7 . 2 005 0 1  0 . 0 1 00 0 0  0 . 60 
1 2 . 0 1 1 7 9 7  1 4 . 4 1 4 1 5 0  3 . 603 5 3 8  0 . 02 0 0 0 0  0 . 60 
8 . 03 9 7 1 3  9 . 647 648 2 . 4 1 1 9 1 2 0 . 03 0 0 0 0  0 . 6 0 
6 . 0 9 3 3 5 0  7 . 3 1 2 0 1 6  1 . 828004 0 . 040000 0 . 60 
4 . 9 7 9 0 9 9  5 . 9 7 49 1 5  1 . 493 7 2 9  0 . 0 5 0 0 0 0  0 . 6 0 
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T ab l e  5 ( c onti nued ) 
4 . 3 0 0 0 1 4  5 . 1 60 0 1 5  1 . 2 90004 0 . 0 60000 0 . 60 
3 . 882 808 4 . 6 5 9 3 6 7  1 . 1 6 4842 0 . 0 7 0000 0 . 60 
3 . 63 462 8 4 . 3 6 1 5 5 3  1 . 0903 88 0 . 080000 0 . 60 
3 . 49 6945 4 . 1 9 63 3 5  1 . 049 084 0 . 090000 0 . 60 
3 . 42 9 2 9 8  4 . 1 1 5 1 5 4  1 . 0 2 8 7 8 9  0 . 100000 0 . 60 
2 4 . 00 1 6 7 8  3 8 . 402 6 1 8  9 . 6 00 6 5 7 0 . 0 1 0000 0 . 80 
1 2 . 0 1 1 79 7  1 9 . 2 1 8 8 5 7  4 . 8047 1 4  0 . 02 0000 0 . 80 
8 . 03 9 7 1 3  1 2 . 8 6 3 5 2 5  3 . 2 1 5 88 1  0 . 03 0000 0 . 80 
6 . 093 3 5 0  9 . 7 49 3 52 2 . 43 7 3 3 8  0 . 040000 0 . 80 
4 . 9 7 9 0 9 9  7 . 9 6 6 5 5 3  1 . 9 9 1 63 8  0 . 0 5 0000 0 . 80 
4 . 3000 1 4  6 . 880020 1 . 7 2 0005 0 . 0 60000 0 . 80 
3 . 882 808 6 . 2 12 48 6  1 . 5 53 122 0 . 0 7 0000 0 . 80 
3 . 63 4 62 8 5 . 8 15 3 9 9  1 . 453 8 5 0  0 . 080000 0 . 80 
3 . 49 6 9 45 5 . 5 9 5 108 1 . 3 9 8 7 7 7  0 . 090000 0 . 80 
3 . 42 9 2 9 8  5 . 486870 1 . 3 7 1 7 1 7  0 . 1 00000 0 . 80 
2 4 . 00 1 67 8  48 . 003 3 5 7  1 2 . 000840 0 . 0 10000 1 . 00 
1 2 . 0 1 1 7 9 7 2 4 . 02 3 5 9 0  6 . 005898 0 . 02 0000 1 . 00 
8 . 03 9 7 1 3  1 6 . 0 7 9 42 2  4 . 0 19 8 5 5  0 . 0 3 0000 1 . 00 
6 . 09 3 3 5 0  12 . 1 8 6 6 9 9  3 . 04667 5 0 . 040000 1 . 00 
4 . 9 79 09 9  9 . 9 5 8 1 9 9  2 . 489 5 5 0  0 . 0 50000 1 . 00 
4 . 3 00 0 1 4  8 . 60003 3 2 . 1 5 0008 0 . 0 60000 1 . 00 
3 . 882808 7 . 7 6 5 6 1 7  1 . 9 41 40 4  0 . 0 7 0000 1 . 00 
3 . 63 462 8 7 . 2 69 2 5 7  1 . 8 1 73 1 4  0 . 080000 1 . 00 
3 . 49 6945 6 . 9 9 3 88 9  1 . 7 48472 0 . 0 9 0000 1 . 00 
3 . 42 9 2 9 8  6 . 8 5 8 5 9 7  1 . 7 14649 0 . 1 00000 1 . 00 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0000 FT2/SEC ( GLYCER I NE ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 -
2 4 . 004807 9 . 6 0 1 9 2 1 2 . 40048 0  0 . 0 1 0000 0 . 2 0 
1 2 . 03 8 1 9 0  4 . 8 1 5 2 7 3  1 . 2 03 8 1 8  0 . 02 0000 0 . 2 0 
8 . 12 7 5 63 3 . 2 5 1022 0 . 8 1 2 7 5 6  0 . 03 0000 0 . 2 0 
6 . 2 9 42 5 1  2 . 5 1 7 6 9 9  0 . 62942 5  0 . 0 40000 0 . 2 0 
5 . 3 4487 0  2 . 1 3 7 9 48 0 . 5 3 448 7 0 . 05 0000 0 . 2 0 
4 . 8 6 4 1 7 9  1 . 9 45 6 7 1  0 . 48 64 1 8  0 . 0 60000 0 . 2 0 
4 . 647 3 42 1 . 8 5 8 9 3 6 0 . 4647 3 4  0 . 0 7 0000 0 . 2 0 
4 . 57 1 5 6 2  1 . 82 8 62 5  0 . 457 1 5 6  0 . 0 8 0000 0 . 2 0 
4 . 5 6 2 5 9 0  1 . 82 503 5 0 . 45 62 5 9  0 . 09 0000 0 . 2 0 
4 . 5 8 0 6 9 0  1 . 8 3 2 2 7 4  0 . 458069 0 . 100000 0 . 2 0 
2 4 . 004807 1 9 . 2 0 3 8 2 7  4 . 800 9 5 8  0 . 0 1 0000 0 . 40 
1 2 . 03 8 1 9 0  9 . 6 3 0 5 43 2 . 40 7 6 3 6 0 . 02 0 000 0 . 40 
106 
Tab l e  5 ( c ont
.
inued ) 
8 . 12 7 5 6 3 6 . 502 041 1 . 62 5 5 1 0 0 . 03 0000 0 . 40 
6 . 2 9 42 5 1  5 . 03 5 3 93 1 . 2 5 8848 0 . 040000 0 . 40 
5 . 3 448 7 0  4 . 2 7 5894 1 . 0689 74 0 . 050000 0 . 40 
4 . 8 6 4 1 7 9  3 . 89 1 3 40 0 . 9 72 8 3 5 0 . 0 60000 0 . 40 
4 . 647 3 42 3 . 7 1 78 7 0  0 . 9 2 9 4 6 8  0 . 0 7 0000 0 . 40 
4 . 5 7 1 5 62 3 . 657247 0 . 9 1 43 1 2  0 . 0 8 0000 0 . 40 
4 . 5 62 5 9 0  3 . 65006 7 0 . 9 1 2 5 1 7  0 . 0 9 0000 0 . 40 
4 . 5 8 0 6 9 0  3 . 6 64549 0 . 9 1 6 1 3 7  0 . 1 0 0000 0 . 40 
2 4 . 004807 2 8 . 805 7 40 7 . 2 0 1 43 5  0 . 0 1 0000 0 . 6 0 
12 . 03 8 1 9 0  1 4 . 445 8 1 2  3 . 6 1 1453 0 . 02 0000 0 . 60 
8 . 12 7 5 63 9 . 753 0 6 7  2 . 43 82 67 0 . 03 0000 0 . 60 
6 . 2 9 42 5 1  7 . 553 093 1 . 8882 73 0 . 040000 0 . 60 
5 . 3 4487 0  6 . 4 1 3 841 1 . 603 460 0 . 05 0000 0 . 60 
4 . 8 64 1 7 9  5 . 83 7009 1 . 45 9 2 52 0 . 0 60000 0 . 60 
4 . 6 47 3 42 5 . 5 7 68 0 1  1 . 3 9 42 00 0 . 0 7 0 0 0 0  0 . 60 
' ! 4 . 5 7 1 5 62 5 . 48 5 8 7 0  1 . 3 7 1468 0 . 080000 0 . 60 
4 . 5 62 5 9 0  5 . 475 1 0 1  1 . 3 68 7 7 5  0 . 0 9 0000 0 . 60 
4 . 5 80 6 9 0  5 . 496822 1 . 3 7 42 0 6  0 . 1 0 0000 0 . 60 
2 4 . 0048 0 7  3 8 . 407 669 9 . 60 1 9 1 7  0 . 0 1 0000 0 . 80 
12 . 03 8 1 9 0  1 9 . 2 6 1 0 7 8  4 . 8 152 7 1  0 . 02 0000 0 . 80 
8 . 12 7 5 63 1 3 . 004089 3 . 2 5 1 02 2  0 . 03 0000 0 . 80 
6 . 2 9 42 5 1  1 0 . 070793 2 . 5 1 7 69 8  0 . 040000 0 . 80 
5 . 3 448 7 0  8 . 5 5 1 78 8  2 . 13 7 947 0 . 050000 0 . 80 
4 . 8 6 4 1 7 9  7 . 7 82 68 1 1 . 945 6 7 0  0 . 0 6 0000 0 . 8 0 
4 . 6 47 3 42 7 . 43 5 7 3 4  I 1 . 8 5 8 9 3 3  0 . 0 7 0000 0 . 80 
4 . 5 7 1 5 62 7 . 3 1 449 1 1 . 82 8 6 2 3  0 . 08 0000 0 . 80 
4 . 5 62 5 9 0  7 . 300 1 3 7  1 . 8 2 5 0 3 4  !. 0 . 09 0000 0 . 80 
4 . 5 8 0 6 9 0  7 . 3 2 9 0 9 8  1 . 8 3 2 2 7 4  0 . 1 00000 0 . 80 
2 4 . 004807 48 . 009 583 12 . 002 3 9 8  0 . 0 1 0000 1 . 00 
12 . 03 8 1 9 0  2 4 . 0 7 63 7 0 6 . 0 1 9 0 9 3  0 . 02 0000 1 . 00 
8 . 12 7 5 6 3 1 6 . 2 5 5 1 12 4 . 063 7 80 0 . 03 0000 1 . 00 
6 . 2 9 42 5 1  12 . 5 8 8497 3 . 147 1 2 4  0 . 040000 1 . 00 
5 . 3 44870 10 . 68 9 7 3 9  2 . 6 7 2 43 5  0 . 05 0 00 0  1 . 00 
4 . 8 6 4 1 7 9  9 . 7 2 8 3 5 2  2 . 43 2 08 8  0 . 060000 1 . 0 0 
4 . 647 3 42 9 . 2 94678 2 . 3 2 3 6 6 9  0 . 0 7 0000 1 . 0 0 
4 . 5 7 1 5 6 2  9 . 1 43 1 2 0  2 . 2 85 7 80 0 . 080000 1 . 00 
4 . 5 6 2 5 9 0  9 . 12 5 1 7 5  2 . 2 8 1 2 9 4 0 . 0 9 0000 1 . 00 
4 . 5 8 0 6 9 0  9 . 1 6 1 3 7 7  2 . 2 9 0 3 44 0 . 1 0 0000 1 . 00 
1017 
Tab l e  6 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0000 FT2/SEC ( GLYCER INE ) 
W= 1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF ! LBF- SEC/FT ! FT FT2 -- - - -- - -
2 4 . 000000 9 . 600002 2 . 40000 1 0 . 0 1 0000 0 . 2 0 
1 1 . 9 9 9 9 1 1  4 . 7 9 9 9 6 5  1 . 1 9 99 9 1  0 . 020000 0 . 2 0 
7 . 9 9 9 602 3 . 1 9 9 84 1  0 . 7 9 9 9 6 0  0 . 03 0 00 0  0 . 2 0 
5 . 9 9 9 0 5 9  2 . 3 9 9 62 3  0 . 5 9 9 9 0 6  0 . 04000 0  0 . 2 0 
4 . 7 9 8 1 49 1 . 9 1 9 2 5 9  0 . 47 9 8 1 5  0 . 0 5 00 0 0  0 . 2 0 
3 . 9 9 6809 1 . 5 9 8 7 2 3  0 . 3 9 9 68 1  0 . 0 60 0 0 0  0 .  2 0  
3 . 42 3 52 6  1 . 3 69 4 1 0  0 . 342 3 5 3 0 . 0 7 0 0 0 0  0 . 2 0 
2 . 9 9 2 4 7 4  1 . 1 9 6 9 8 9  0 . 2 9 9 2 47 0 . 080000 0 . 2 0 
2 . 6 5 5 9 9 3  1 . 0 62 3 9 7  0 . 2 65 5 9 9  0 . 0 9 0 0 0 0  0 . 2 0 
2 · . 3 85 42 9  0 . 9 5 4 1 7 2  0 . 2 3 8 5 43 0 . 1 00000 0 . 2 0 
2 4 . 000000 1 9 . 1 9 9 9 9 7  4 . 800002 · 0 . 0 1 0000 0 . 40 
1 1 . 9 9 9 9 1 1  9 . 5 9 9 9 3 0  2 . 3 9 9 982 0 . 0 2 0 0 0 0  0 . 40 
7 . 9 9 9 6 02 6 . 3 9 9 68 1  1 . 5 9 9 9 2 0  0 . 03 0000 0 . 40 
5 . 9 9 90 5 9  4 . 7 9 9 2 44 1 . 1 9 9 8 1 1  0 . 040000 0 . 40 
4 . 7 9 8i49 3 . 83 8 5 1 9  0 . 9 5 9 6 3 0 0 . 0 5 0000 0 . 40 
3 . 9 9 6809 3 . 1 9 7 44 8  0 . 7993 62 0 . 0 60000 0 . 40 
3 . 42 3 52 6  2 . 7 3 88 2 0  0 . 6847 0 5  0 . 070000 0 . 40 
2 . 9 9 2 4 7 4  2 . 3 9 3'9 7 9  0 . 5 9 849 5 0 . 080000 0 . 40 
2 . 6 5 5 9 9 3  2 . 12 4794 0 . 5 3 1 1 9 9  0 .  0 9 0 0 0 0  . ! 0 . 40 
2 . 3 8 5 42 9  - 1 . 9 0 8 3 43 0 . 47 7 08 6 0 . 1 00000 0 . 40 
2 4 . 000000 2 8 . 800003 7 . 2 00003 0 . 0 1 00 0 0  0 . 6 0 
1 1 . 9 9 9 9 1 1  1 4 . 3 9 9 89 5  3 . 5 9 9 9 7 4  0 . 02 0000 0 . 60 
7 . 9 9 9 602 9 . 5 9 9 5 2 2  2 . 3 9 9 8 8 0  0 . 0 3 0 0 0 0  0 . 60 ' 
5 . 9 9 9 0 5 9  7 . 1 9 88 6 8  1 . 7 9 9 7 1 7  0 . 040000 0 . 60 
4 . 7 9 8 149 5 . 7 5 7 7 7 8  1 . 43 9 445 0 . 0 5 0 0 0 0  0 . 60 
3 . 9 9 6809 4 . 7 9 6 1 6 9  1 . 1 9 9 042 0 . 0 60000 0 . 6 0 
3 . 42 3 5 2 6  4 . 1 0 822 7 1 . 02 7 0 5 7  0 . 0 7 0 0 0 0  0 . 6 0 
2 . 9924 74 3 . 5 9 0 9 6 7  0 . 8 9 7 7 42 0 . 080000 0 . 60 
2 . 6 5 5 9 9 3  3 . 1 8 7 1 9 0  0 . 7 9 6 7 9 8  0 . 090000 0 . 60 
2 . 3 85 42 9  2 . 8 62 5 1 4  0 . 7 1 5 62 9  0 . 100000 0 . 60 
2 4 . 000000 3 8 . 3 9 9 9 9 4  9 . 6000 0 1  0 . 0 1 0000 0 . 8 0 
1 1 . 9 9 9 9 1 1  1 9 . 1 9 9 8 6 0  4 . 7 9 9 9 6 5  0 . 02 0000 0 . 80 ! 
7 . 9 9 9 6 02 12 . 7 9 9 3 62 3 . 199841 0 . 03 0000 0 . 80 
5 . 9 9 9 0 5 9  9 . 5 9 8 49 2 2 . 3 9 9 62 3  0 . 040000 0 . 80 
4 . 7 9 8 149 7 . 6 7 702 9 1 . 9 1 9 2 5 7  0 . 05 0000 0 . 8 0 
3 . 9 9 6809 6 . 3 9 4890 1 . 5 9 8 7 2 2  0 . 0 6 0000 0 . 8 0 
3 . 42 3 52 6  5 . 47 7 6 3 8  1 . 3 6 9 4 1 0  0 . 070000 0 . 80 
2 . 9 9 2 474 4 . 7 8 7 9 5 6  1 . 1 9 6 9 8 9  0 . 080000 0 . 80 
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Tab l e  6 ( c ont i nued ) 
- 2 . 65 5 9 9 3  4 . 2 4 9 5 88 1 . 062 3 9 7  0 . 090000 0 . 80 
2 . 3 8 542 9  3 . 8 1 6686 0 . 9 5 4 1 7 2  0 . 1 00000 0 . 80 
2 4 . 000000 48 . 00003 1 12 . 000008 0 . 0 1 0000 1 . 00 
1 1 . 9 9 9 9 1 1  2 3 . 9 9 9 8 3 2  5 . 9 9 9 9 5 9  0 . 02 0000 1 . 00 
7 . 9 9 9 602 1 5 . 9 99 2 1 0  3 . 9 9 9 8 0 3  0 . 03 0000 1 . 00 
5 . 9 9 9 0 5 9  1 1 . 9 98 1 1 6  2 . 9 9 9 5 2 9  0 . 040000 1 . 00 
4 . 7 9 8 1 49 9 . 5 9 62 9 8  2 . 3 99 0 7 5  0 . 0 5 0000 1 . 00 
3 . 9 9 6809 . 7 . 9 9 3 622 1 . 99 8405 0 . 0 60000 1 . 00 
3 . 42 3 5 2 6  6 . 847050 1 . 7 1 1 7 62 0 . 0 70 0 00 1 . 00 
2 . 9 92 47 4  5 . 9 849 47 1 . 49 62 3 7  0 . 080000 1 . 00 
2 . 6 5 5 9 9 3  5 . 3 1 1 9 85 1 . 3 2 7 9 9 6  0 . 0 9 0000 1 . 00 
2 . 3 8542 9  4 . 7 70 8 5 9  1 . 1 92 7 1 5  0 . 1 00000 1 . 00 
AM=0 . 040000 LBF- SEC/FT2 (UNSTEADY FLOW ) 
V=0 . 09 5 0000 FT2 /SEC ( GLYCER INE ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT -FT2 -
2 3 . 9 9 9 8 1 7  9 . 5 9 9 9 3 0 2 . 3 9 9 982 0 . 0 1 0000 0 . 2 0 
1 1 . 99 703 0 4 . 7 98 8 1 3  1 . 199 703 0 . 02 0000 0 . 2 0 
7 . 9 9 0045 3 . 1 9 6 0 1 8  0 . 7 99005 0 . 03 0000 0 . 2 0 
5 . 9 7 65 69 2 . 3 9 062 7 0 . 5 9 7 6 5 7 0 . 040000 0 . 2 0 
4 . 7 5 48 1 7  1 . 9 0 1 9 2 7  0 . 47 5482 0 . 0 5 0000 0 . 2 0 
3 . 92 3 7 1 1  1 . 5 6 9 484 0 . 3 9 2 3 7 1  0 . 0 60000 0 . 2 0 
3 . 3 1 1 9 3 0  1 . 3 2 47 7 2  0 . 3 3 1 1 93 0 . 0 7 00 0 0  0 . 2 0 
2 . 83 5 6 9 0  1 . 1 3 42 7 6  0 . 2 83 5 69 0 . 08 0000 0 . 2 0 
2 . 45 1 5 1 9 0 . 9 80 60 8  0 . 2 45 152 0 . 09 0000 0 . 2 0 
2 . 13 73 3 6  0 . 8 5 49 3 5  0 . 2 1 3 7 3 4  0 . ·1 00000 0 . 2 0 
2 3 . 9 9 9 8 1 7  . 1 9 . 1 9 9 8 6 0  4 . 7999 6 6  0 . 0 1 0000 0 . 40 
1 1 . 9 9 7 0 3 0 9 . 5 9 7 6 1 8  2 . 399405 0 . 02 0000 ' 0 . 40 
7 . 9 9 0045 6 . 3 9 2 03 3  1 . 598008 0 . 03 0000 0 . 40 
5 . 9 7 6 5 69 4 . 7 8 1 2 5 4  1 . 1 9 5 3 1 3  0 . 040000 0 . 40 
4 . 7 5 48 1 7  3 . 803 8 5 4  0 . 9 5 09 64 0 . 0 5 0000 0 . 40 
3 . 92 3 7 1 1  3 . -1 3 8 9 6 8  0 . 784742 0 . 0 6 0000 0 . 40 
3 . 3 1 1 9 3 0  2 . 6 4 9 5 4 6  0 . 6 62 3 87 0 . 0 7 0000 0 . 40 
2 . 83 5 69 0  2 . 2 68 5 5 4  0 . 5 6 7 1 3 8  0 . 080000 0 . 40 
2 . 45 1 5 1 9 1 . 9 6 12 1 6 0 . 49 0 3 0 4  0 . 09 0000 0 . 40 
2 . 13 7 3 3 6 1 . 7 0 9 8 69 0 . 42 7467 0 . 100000 0 . 40 ! 
2 3 . 9 9 9 8 1 7  2 8 . 7 9 9 7 7 4  7 . 199946 0 . 0 1 0000 0 . 60 
1 1 . 9 9 7 03 0 1 4 . 3 9 643 1 3 . 599 108 0 . 02 0000 0 . 6 0 
7 . 99 0045 9 . 5 8 8 047 2 . 3 9 7 0 1 2 0 . 03 0000 ! ' 0 . 60 
5 . 9 7 6 5 6 9  7 . 1 7 1 8 7 9  1 . 7 9 2 9 7 0  0 . 040000 0 . 6 0 
4 . 7 5 48 1 7  5 . 7 0 5 7 7 6  1 . 42 6444 0 . 0 5 0 0 0 0  0 . 60 
Tab l e  6 ( c ontinue d )  
- -
3 . 92 3 7 1 1  
3 . 3 1 1 9 3 0  
2 . 83 5 69 0  
2 . 45 1 5 19 
2 . 1 3 7 3 3 6  
2 3 . 9 9 9 8 1 7  
1 1 . 9 9 7 0 3 0  
7 . 9 9 0045 
5 . 9 7 65 69 
4 . 7 5 48 17 
3 . 9 2 3 7 1 1  
3 . 3 1 193 0 
2 . 83 5 690 
2 .  45 1 5·1 9 
2 . 13 7 3 3 6 
2 3 . 9 9 9 8 1 7  
1 1 . 9 9 7 0 3 0  
7 . 990045 
5 . 9 7 6 5 6 9  
4 . 7 5 48 17 
3 . 9 2 3 7 1 1  
3 . 3 1 1 9 3 0  
2 . 83 5 6 9 0  
2 . 45 1 5 1 9 
2 . 13 7 3 3 6  
4 . 7 0845 0 
! 3 . 9 7 43 1 8  
3 . 402 82 8 
2 . 9 4 1 82 3  
2 . 5 64803 
3 8 . 3 9 9 68 9  
1 9 . 1 9 5 2 2 1 
12 . 7 84058 
9 . 5 62 504 
7 . 607 700 
6 . 2 7 7 9 3 1 
5 . 2 9 9 08 8  
4 . 5 3 7 1 02 
3 . 9 2 2 42 8  
3 . 4 1 9 7 3 6 
47 . 9 9 9 6 1 9  
2 3 . 9 9 4049 
1 5 . 9 80087 
1 1 . 9 5 3 13 6 
9 . 5 0 9 6 3 2  
7 . 84742 0  
6 . 62 3 8 6 3  
5 . 6 7 1 3 83 
4 . 9 0 3 03 8  
4 . 2 74 6 7 3  
1 . 17 7 1 13 
0 . 993 5 7 9  
0 . 8 5 0 7 0 7  
0 . 73 5 45 6  
0 . 6412 0 1  
9 . 5 9 9 9 2 3  
4 . 798807 
' 3 . 1 9 60 1 4  
2 . 3 9 0 62 6  
1 . 9 0 1 92 5  
1 . 5 6 9 483 
1 . 32 4772 
1 . 1 3 42 7 5 
0 . 980607 
0 . 8549 3 4  
1 1 . 9 9 9 9 0 7  
5 .  9 9 8 5 1 5 . 
3 . 9 9 5 0 2 2  
2 . 988284 
2 . 3 7 7 408 
1 . 9 6 1 8 5 5  
1 . 6 5 5 9 6 6  
1 . 4 1 7 8 46 
1 . 2 2 5 7 60 
1 . 068668 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 50000 FT2 /SEC ( GLYCER I NE ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 E'T/SEC 
T F c 
0 . 0 6 0 0 00 
0 . 0 7 0 0 00 
0 . 080000 
0 . 0 9 0 0 00 
0 . 1 00 0 00 
0 . 0 1 0000 
0 . 020000 
0 . 03 0 0 0 0  
0 . 040 0 0 0  
0 . 0 5 0 0 0 0  
0 . 0 6 0 0 0 0  
0 . 0 7 0 0 0 0  
0 . 080000 
0 . 0 9 0 0 0 0  
0 . 1 0 0 0 0 0  
0 . 0 1 000 0  
0 . 0 2 0 0 0 0  
0 . 0 3 00 0 0  
0 . 0 40 0 0 0  
0 . 0 5 0 0 0 0  
0 . 0 6 0 0 0 0  
0 . 0 7 0 0 0 0  
0 . 080000 
0 . 0 9 0 0 0 0  
0 . 1 00 0 0 0  
H 
! _LBF/FT2 _ ! LBF __ ! _LBE'- SEC/FT_ ! __ FT 
2 3 . 9 9 88 10 ! . 9 . 5 9 9 5 2 5 2 . 3 9 9 88 1  0 . 0 1 0 0 00 
1 1 . 9 90442 4 . 7 9 6 1 7 3  1 . 199 043 0 . 0 2 0 0 0 0  
7 . 9 6 7 9 7 6  3 . 1 8 7 1 89 0 . 7 9 6 7 9 7  0 . 0 3 0 0 0 0  
5 . 9 2 5 5 70 2 . 3 7 02 3 0  0 . 592 5 5 7  0 . 040000 
4 . 6 60 490 1 . 8 6 4 1 9 6 0 . 46 6049 0 . 0 5 0 0 0 0  
3 . 7 7 6 1 9 6  1 . 5 1 0478 0 . 3 7 7 62 0  0 . 0 60000 
3 . 1 1 3 8 6 1  1 . 2 45 544 0 . 3 1 1 3 8 6  0 . 0 7 0000 
2 . 6 1 0040 1 . 0440 1 6  0 . 2 6 1 004 0 . 0 8 0 0 0 0  
2 . 2 4462 6 0 . 8 9 7 85 1 0 . 2 2 4463 0 . 0 9 0 0 0 0  
2 . 0 1 1847 0 . 8 047 3 9  0 . 2 0 1 1 85 0 . 1 0 0 0 0 0  
23 . 9 9 8 8 10 19 . 1 9 9 03 6 4 . 7 9 9 7 5 9  0 . 0 1 00 0 0  
1 1 . 9 9 0442 9 . 5 92 3 3 9  2 . 3 9 8085 0 . 02 0 0 0 0  
109 
0 . 6 0 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 0 0 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
SA 
FT2 -
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 ! 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
110 
Tab l e  6 ( c onti nued ) 
7 . 9 6 7 9 7 6  6 . 3 7 43 7 1  1 . 5 9 3 5 9 3  0 . 03 0000 0 . 40 
5 . 9 2 5 5 7 0  4 . 7 4045 6  1 . 1 8 5 1 1 4  0 . 040000 0 . 40 
4 . 6 60490 3 . 72 83 9 1  0 . 9 3 2 09 8  0 . 050000 0 . 40 
3 . 7 7 6 1 9 6  3 . 02 0954 0 . 7 5 5 2 3 9  0 . 0 60000 0 . 40 
3 . 1 1 3 8 6 1  2 . 49 1 087 0 . 62 2 7 7 2  0 . 0 7 0000 0 . 40 
2 . 6 1 0040 2 . 08803 0 0 . 52 2 00 8  0 . 0 80000 0 . 40 
2 . 2 4462 6 1 . 795 69 9  0 . 44892 5 0 . 09 0000 0 . 40 
2 . 0 1 1 8 47 1 . 60947 6 0 . 402 3 6 9 0 . 100000 0 . 40 
2 3 . 9 9 8 8 1 0  2 8 . 7 9 8 5 5 3  7 . 1 9 9 63 8 0 . 0 10000 0 . 60 
1 1 . 990442 14 . 3 885 1 9  3 . 5 9 7 1 3 0  0 . 020000 0 . 60 
7 . 9 6 7 9 7 6  9 . 5 6 1 5 62 2 . 3 9 0 3 9 0  0 . 0 3 0000 0 . 60 
5 . 92 5 5 70 7 . 1 1 0 6 83 1 . 7 7 7 6 7 1  0 . 040000 0 . 60 
4 . 6 60490 5 . 5 9 2 5 8 7  1 . 3 9 8 147 0 . 0 5 00 0 0  0 . 60 
3 . 7 7 6 1 9 6  4 . 5 3 142 9 1 . 1 3 2 8 5 7  0 . 0 60000 0 . 6 0 
3 . 1 1 3 8 6 1  3 . 7 3 6 63 1 0 . 9 3 4 1 5 8  0 . 0 7 0000 0 . 60 
2 . 6 1 0 040 3 . 13 2 04 6  0 . 7 83 0 1 1  0 . 080000 0 . 60 
2 . 2 4462 6 2 . 693 5 49 0 . 6 7 3 3 8 7  0 . 090000 0 . 60 
2 . 0 1 1847 2 . 4 1 42 1 4  0 . 603 5 5 4  0 . 1 00000 0 . 60 
2 3 . 9988 10 3 8 . 3 9 8 0 5 6  9 . 59 9 5 1 6  0 . 0 1 0000 0 . 80 
1 1 . 9 90 442 19 . 1 84692 4 . 7 9 6 1 7 3 0 . 02 0000 0 . 80 
7 . 9 67 9 7 6  12 . 7 48 7 5 3  3 . 1 8 7 1 8 8  0 . 03 0000 0 . 80 
5 . 92 5 5 7 0 9 . 4809 1 1  2 . 3 7 02 2 8  0 . 040000 o � 8o 
4 . 6 60490 7 . 45 6 7 83 1 . 8 64 1 9 6  0 . 0 5 0000 0 . 80 
3 . 7 7 6 1 9 6  6 . 041908 1 . 5 1 047 7 0 . 0 60000 0 . 80 
3 . 1 1 3 8 6 1  4 . 9 82 1 7 4 1 . 2 45 5 43 0 . 0 70000 0 . 80 
2 . 6 1 0040 4 . 1 7 60 5 6  1 . 0440 1 4  0 . 080000 0 . 80 
2 . 2 4462 6 3 . 5 9 1 3 9 8  0 . 8 9 7 8 5 0  0 . 090000 0 . 80 
2 . 0 1 1 8 47 3 . 2 1 8 9 5 3  0 . 8047 3 8  0 . 1 00000 0 . 80 
2 3 . 9 9 8 8 1 0  47 . 997 604 1 1 . 9 9 9 40 4  0 . 0 1 0000 1 . 00 
1 1 . 9 90442 2 3 . 9 808 65 5 . 99 5 2 1 8  0 . 02 0000 1 . 00 
7 . 9 6 7 9 7 6  15 . 9 3 5 9 47 3 . 983 9 8 7  0 . 0 3 0 000 1 . 00 
5 . 92 5 5 7 0  1 1 . 8 5 1 143 2 . 9 6 2 7 8 6  0 . 0 40 0 00 1 . 0 0 
4 . 6 6 0490 9 . 3 2 09 84 2 . 3 3 02 4 6  0 . 0 5 0000 1 . 0 0 
3 . 7 7 6 1 9 6  7 . 5 5 2 3 9 1  1 . 8 8 8 0 9 8  0 . 0 60000 1 . 0 0 
3 . 1 1 3 8 6 1  6 . 2 2 7 7 18 1 . 5 5 69 3 0 0 . 0 7 0000 1 . 00 
2 . 6 10 040 5 . 2 2 0 0 7 8  1 . 3 0 5 0 1 9  0 . 0 8 0000 1 . 00 
2 . 2 4462 6 4 . 4892 5 0  1 . 12 2 3 1 3 0 . 0 9 0 000 1 . 00 






<-> ,.., UJo C/) • 












� - 00 0 - 02 
U N S T E A D Y  F L O W 
0 . 04 0 - 06 
H - F T  
o . o a o .  1 0  
Figure 44 . DAMPER COEFFICIENT YS FLUID HEIGHT ( GLYCERINE ) .  
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Figure 50 . DAMPER COEFFICIENT VS FREQUENCY ( OIL SAE 10 ) .  
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D .  Both Termina l s  of the Damper are Exc ited by In-Phas e  Period ic 
Motions of D ifferen t  Ve locity Magnitude s 
We now cons ider the case where the ve loc it ies ( amp litude ) 
of bo th termina l s  of the damper are of d ifferent magnitudes but 
having the same frequency .  
The boundary cond it ions may be wr it t en as the fol lowing : 
iwt 
u ( O , t ) • u e 0 
u (h , t ) 
u o iwt • - e 2 
( 3-84) 
From Equat ion ( 3-38) and the above boundary cond it ions we obt a in 
the ve lo c ity d i s tr ibut ion equat ion , hence 
iw t  u e 
u (y , t ) • 
0 [e
(i+l ) By ( 2 s inh ( i+l ) Bh 
.
e
( i+l) Bh) 
2 s inh ( i+l ) S h  
+ e
( i+l ) Bh -� i+l ) Sy + s inh ( i+l ) Sy ] ( 3 -8 5) 
The She ar Stre s s  Express ion at the Lower P late y • 0 . 0 
Sub s t itut ing y • 0 . 0  and ul • u0 and u2 • u0/ 2  int o  
Equat ion ( 3-3 9)  w e  ob tain : 
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12llU B Tylo • cosh2 Bh � cos2 Bh [ cos ( �t + �) (s inh2Bh - s inhBh cos Bh) + 
'JT 
s in ( wt + 4) ( s in2Bh - coshBh s inSh ] ( 3-86) 
Referr ing to F igure 1 8  Equat ion ( 3-86 ) may be wr itten in the form 
/211U B .,.. ___ _ I o ( � 2 + b 2 ) [  ( + n) Ty=O = cosh2Bh - cos 2 Sh 1 2 cosa cos wt 4 + 
where 
1f s ina s in ( wt + 
4
) ]  
b1 • ( s inh2Bh - s inhBh cos Sh) 
and 
b2 • ( s in2Sh - coshBh s inBh) 
or 
wher e  
a = 




The max imum shear stres s  can be obtained by set ting 
11' cos (wt + 4 - a) · • 1 . 0 
or 
2n11' a 1r t • -- + - - -(1) w 4w (3-89 ) 
Equation ( 3-8 9) repre s en t s  the time interva l at which the max imum 
shear stres s occurs . H ence , 
I l2pu B T max • 0 y=O cosh2Bh - cos2 Sh /(sinh2Sh - coshBh s in8h) 2 + 
2 ( sin2Bh - s inhBh cosBh) ] 
· The damping force can be obtained as the fo l lowing : 
F a 2AT I max 
d ro 
For n plates the damp ing for ce equat ion becomes 
F = 2nAT I max d y=O 
or 
Fd = c1uo 
where 
cosh2Sh - cos28h �s inh2Bh - coshSh s inSh) 2 + 
( sin28h - sinhSh cos8h) 2 ] 





The Shear Stres s Expre s s ion at the Upper Plate y•h 
The shear s tr e s s  at y•h is obtained in the same manner as 
in the previou s cases . From Equat ion (3-3 9 )  and the boundary 




= cosh2Bh � cos2Bh [ cos (�t + �) (2sinhSh cosBh - s in�2Sh) ] 
+ [ sin ( wt + Z) (2coshSh s inBh - 81�2Sh) ]  ( 3-94 ) 
Equat ion (3-94 )  shows also  a 450 phase d if ference b etween the 
velocity and the shear . The maximum shear stres s at y•h can be 
obtained in a s imil ar approach used in the previous cas e s , hence 
/2pu 8 r----------------���-
'r I max =  0 [ 1{2sinhBh cosBh - s inh2Sh) 2 + y=h cosh2Bh - cos28h 2 
(2coshSh s inBh - sinzBh)z ] 2 ( 3-9 5) 
The damp ing force at y=h is  obt ained for n p lat e s  in the damper 
Fd = 2nA-r I max y=h 
or 
Fd = c u 2 0 
where 
( 3-96) 
( 3-9 7) 
121 
212�nAS /t s inh2Sh) 2 c 2 = cosh2 Sh - cos2Sh [ ( 2s inh8h cosSh - 2 + 
( 2 cosh8h s inSh 
is the damper coeff icient at y•h . 
RESULTS 
Tab les  7 and 8 show the resu l t s  of the cas e for g lycer ine 
in which both termina ls  of the damper move in phase with d ifferent 
ve locitie s . Tab le  7 stands for the re su l t s  at the lower p late  and 
Tab le 8 represents  the resu l t s  at the upper p late . Thes e  tab les  
revea l the same phenomenon as  in the previou s cases  - that the 
damper coefficient s  at the lower and upper p lates are very 
s �ilar , with a s light difference due to round-off  error in the 
computat ion . I t  is very apparent from these  tab le s  that for 
g lycer ine the sma ller the f luid height , the higher , the damper 
coefficient ; thi s is a l so shown in F igure 51 . However , when the 
lubricat ing o il s  SAE 30 and SAE 10 are used , the damper 
coef f i c ient exhib its a d i fferent behavior for the fluid he ight . 
var iat ion as  shown in F igures 52 and 53 . F igure 52 shows tha t at 
a cer t a in f lu id he ight the damper coe f f i c ient is min imum , and 
increas ing the f luid  he ight af ter the min imum value increas e s  the 
d amper coe f f i c ien t , but only up to ano ther he ight , af t er whi c h  the 
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damper coefficien t  decreases  s l ight ly within the cons idered h 
range . The lubricat ing o il SAE 1 0  shows that at  a certain f luid 
height the damper coeffic ient is  minimum , increas ing the f luid 
he ight aft er the minimum po int 
but on ly up to ano ther po int , 
increases the damper coeffic ient 
af ter which the d amper coeff ic ient 
decreas e s  and then remains cons t an t  as shown in F igure 53 . 
For lubricating o i l  SAE 10 , SAE 30 and the wat er tab le s  
see append ix G .  Tab les 1 and 8 show that for g lycer ine at  very 
sma l l  height s , the var iat ion in the frequency has no eff e c t  on the 
damper coefficient as shown in F igure 54 . However , increas ing the 
f luid height and the frequency wil l  resu lt  in increas ing the 
damper coeffic ien t ( the damper coeff ic ient is propor t iona l to the 
square root  of the frequency) . For the lubr icat ing oil  SAE 1 0 , as 
shown in F igures  55 and 56 , the var iation in the frequency for any 
f luid height has a cons iderab le effect on the damper coefficien t . 
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T ab l e  7 
AM=0 . 0400 0 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0 0 0 0  FT2/SEC ( GLYCER INE ) 
W= 10 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
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T F C H SA 
! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _ FT2_ 
8 . 0 003 9 0  
4 . 0 02 9 2 6 
2 . 6 7 6490 
2 . 02 3 184 
1 . 6448 9 3  
1 . 409 7 5 2  
1 . 2 6 1 3 9 6  
1 . 1 7 1 1 5 0  
1 . 1 22 1 5 6  
1 . 1 03 2 3 1 
8 . 0 003 9 0  
4 . 0 02 9 2 6 
2 . 6 7 649 0 
2 . 02 3 1 84 
1 . 6448 9 3  
1 . 409 7 5 2  
1 . 2 6 1 3 9 6  
1 . 1 7 1 15 0  
1 . 122 1 5 6  
1 . 1 0 3 2 3 1 
8 . 0 003 9 0  
4 . 0 02 9 2 6  
2 . 6 7 6490 
2 . 0 2 3 184 
1 . 6 448 9 3  
1 . 409 7 5 2 
1 . 2 6 13 9 6  
1 . 1 7 1 1 5 0  
1 . 122 1 5 6  
1 . 1 03 2 3 1  
8 . 0 003 9 0  
4 . 0 02 9 2 6  
2 . 6 7 6490 
2 . 02 3 1 84 
1 . 6 448 9 3  
1 . 409 7 5 2 
1 . 2 6 1 3 9 6  
1 . 1 7 1 1 5 0  
3 . 2 00 1 5 5  
1 . 60 1 1 7 1  
1 . 0 7 0 5 9 6  
0 . 809273 
0 . 6 5 7 9 5 7  
0 . 5 6 3 9 0 1  
0 . 5 0 45 5 9  
0 . 468460 
0 . 4488 6 3  
0 . 44 1 2 9 3  
6 . 40 0 3 1 1  
3 . 2 02 3 3 8  
2 . 1 4 1 19 1 
1 . 6 1 8547 
1 . 3 1 5 9 1 4 
1 . 12 7 802 
1 . 009 1 1 7 
0 . 9 3 692 0 
0 . 89 772 6 
0 . 882 5 8 5  
9 . 6 00468 
4 . 803 5 09 
3 . 2 1 1 7 8 7  
2 . 42 7 8 2 0  
1 . 9 7 3 8 7 1 
1 . 69 1 7 0 3 
1 . 5 1 3 6 7 6  
1 . 405 3 8 0 
1 . 3 46 5 8 8  
1 . 3 2 3 87 7  
12 . 8 0 0 6 1 3  
6 . 404678 
4 . 2 8 2 3 83 
3 . 2 3 7094 
2 . 63 182 8 
2 . 2 5 5 603 
2 . 0 1 823 4 
1 . 8 7 3 840 
0 . 800 0 3 9 
0 . 4002 9 3  
0 . 2 6 7 649 
0 . 2 02 3 1 8  
0 . 1 64489 
0 . 1409 7 5  
0 . 12 6 1 40 
0 . 1 1 7 1 1 5  '! 
0 . 1 1 2 2 1 6  
0 . 1 1 03 2 3  
1 . 6000 7 8  
0 . 8005 8 5  
0 . 53 5 2 9 8  
0 . 4046 3 7 
0 . 3 2 8 9 7 9  
0 . 2 8 1 9 5 0  
0 . 2 5 2 2 7 9  
0 . 2 3 42 3 0  
0 . 22 443 1 
0 . 2 2 0 6 4 6  
2 . 40 0 1 1 7  ·
1 .  2 0 08 7 7  
0 . 802 947 
0 . 60 6 9 5 5  
0 . 49 3 46 8  
0 . 42 2 9 2 6 
0 . 3 7 84 1 9  
0 . 3 5 1 3 45 
0 . 3 3 6 64 7  
0 . 3 3 09 7 0  
3 . 200 1 5 3  
1 . 60 1 1 7 0  
1 . 0 7 05 9 6  
0 . 809 2 7 4  
0 . 65 7 9 5 7  
0 . 5 6 3 9 0 1  
0 . 5045 5 9  
0 . 468 460 
0 . 0 10000 
0 . 02 0000 
0 . 03 0 0 00 
0 . 04000 0  
0 . 0 5 0 0 0 0  
0 . 0 6 0 0 0 0  
0 . 0 7 00 0 0  
0 . 0 8 0 0 0 0  
0 . 090000 
0 . 1 0 0 0 0 0  
0 . 0 1 00 0 0  
0 . 020000 
0 . 0 3 0 0 0 0  
0 . 040000 ' 
0 . 0 5 0000 
0 . 0 6 00 0 0  
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0 0 0 0  
0 . 1 0 0 0 0 0  
0 . 0 1 00 0 0  
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 00 0 0  
0 . 0 6 0000 
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0 0 0 0  
0 . 1 0 0 0 0 0  
0 . 0 1 0 0 0 0  
0 . 02 0 0 0 0  
0 . 0 3 0000 
0 . 040000 
0 . 0 5 0 000 
0 . 0 6 0 0 0 0  
0 . 0 7 0 000 
0 . 080000 
0 . 2 0 
0 .  20 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0  
0 . _40 
0 . 40 
0 . 40 ' 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
Tab l e  7 ( c ontinued ) 
! 1 . 122 1 5 6  1 . 7 9 5 45 1  
1 . 103 2 3 1 1 . 7 65 170 
8 . 0003 9 0  
4 . 00292 6 
2 . 67 6490 
2 . 023 184 
1 . 644893 
1 .  409752 . 
1 . 2 6 1 3 9 6  
1 . 1 7 1 1 5 0  
1 . 1 2 2 1 5 6  
1 . 1 03 2 3 1 
1 6 . 000 7 7 8  
8 . 005852 
5 . 3 5 2 9 7 8  
4 . 0463 68 
3 . 2 8 9 786 
2 . 8 1 9 50 6  
2 . 5 2 2 7 9 5  
2 .  3 42 3 02 
2 . 2 443 1 4  
2 . 206 463 
0 . 448863 
0 . 441 2 9 3 
4 . 000 1 9 5  
2 . 0 0 1 463 
1 .  3 3 82 44 
1 . 0 1 1 5 92 
0 . 82 2 447 
0 . 7048 7 7  
0 . 63 0 6 9 9  
0 . 5 8 5 5 7 6  
0 . 5 6 1 0 7 9  
0 . 5 5 1 6 1 6  
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0000 FT2 /SEC ( GLYCER I NE ) 
W=50 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 9 0 000 
0 . 1 00000 
0 . 0 10 000 
0 . 0 2 0000 
0 . 0 3 0000 
0 . 040000 
0 . 05 0000 
0 . 060000 
0 . 0 7 0 000 
0 . 080000 
0 . 090000 
0 . 1 00000 
12 5 
0 . 80 
0·. 8 0  
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
T F C H SA 
! _-_LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _  FT2_ 
8 . 009 1 7 7  
4 . 0 72 2 0 1  
2 . 9 0 1 7 6 6  
2 . 5 1 3 3 6 1  
2 . 479204 
2 . 6 1 843 4 
2 . 83 452 6 
3 . 0 7 3 42 8  
3 . 3 0 3 3 7 6  
3 . 5 05 2 4 1  
8 . 009 1 7 7  
4 . 0 7 2 2 0 1  
2 . 9 0 1 7 6 6  
2 . 5 1 3 3 6 1  
2 . 479204 
2 . 6 1 843 4 
2 . 83 452 6 
3 . 0 7 3 42 8  
3 . 3 03 3 7 6  
3 . 5 0 5 2 4 1  
8 . 009 1 7 7  
4 . 0722 0 1  
2 . 9 0 1 7 6 6  
2 . 5 1 3 3 6 1  
2 . 479204 
3 . 2 0 3 67 1 
1 . 62 888 1 
1 . 1 60 7 0 7 . 
1 . 005 3 44 
0 . 9 9 1 682 
1 . 047 3 7 3  
1 . 13 3 8 1 0  
1 . 2 2 93 7 1  
1 . 3 2 1 3 5 1 
1 . 402 0 9 7 
6 . 407 3 4 1 
3 . 2 5 7 7 6 1  
2 . 3 2 1 4 1 3  
2 . 0 1 0 689 
1 . 9 8 3 3 63 
2 . 0 9 4747 
2 . 2 6 7 62 1  
2 . 45 8 7 43 
2 . 6 42 7 02 
2 . 804193 
9 . 6 1 1008 
4 . 8 8 6 63 9 
3 . 482 1 1 9 
3 . 0 1 603 1 
2 . 9 7 5 043 
0 . 8009 1 8  
0 . 407 2 2 0  
0 . 2 9 0 1 7 7 
0 . 2 5 1 3 3 6  
0 . 2 4792 1 
0 . 2 6 1 843 
0 . 2 83 4 5 3  
0 .  3 07-3 43 
0 . 3 3 03 3 8  
0 . 3 5 05 2 4  
1 . 6 0 1 8 3 5  
0 . 8 1 4440 
0 . 5 803 5 3  
0 . 502 6 7 2 
0 . 49 5 8 4 1  
0 . 5 2 3 6 8 7  
0 . 5 66905 
0 . 6 1 4686 
0 . 6 6 0 6 7 6  
0 . 7 0 1 0 48 
2 . 402 7 5 2 
1 . 22 1 6 60 
0 . 8 7 05 3 0  
0 . 7 5 4008 
0 . 743 7 6 1  
0 . 0 1 0000 
0 . 02 0 000 
0 . 03 0000 
0 . 040000 
0 . 050000 
0 . 0 60000 
0 . 0 70000 
0 . 080000 
0 . 0 9 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 020000 
0 . 0 3 0000 
0 . 040000 
0 . 0 5 0000 
0 . 0 60000 
0 . 0 7 00 0 0  
0 . 080000 
0 . 0 9 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 02 0000 
0 . 0 3 0000 
0 . 040000 
0 . 0 5 0000 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 ' 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 6 0 
0 . 60 
0 . 6 0 
0 . 6 0 
T able 7 ( c onti nu e d )  
2 . 6 1 843 4 3 . 1 42 1 1 9  
2 . 83 452 6 3 . 40 1 43 0  
3 . 0 7 3 42 8  3 . 6 88 1 1 3  
3 . 3 03 3 7 6  3 . 9 6405 1 
3 . 5052 4 1  4 . 2 062 8 7  
8 . 00 9 1 7 7  
4 . 072 2 0 1  
2 . 9 0 1 7 66 
2 . 5 1 3 3 6 1  
2 . 479 2 0 4  
2 . 6 1 8 43 4  
2 . 83 452 6 
3 . 0 7 3 42 8  
3 . 3 03 3 7 6  
3 . 5052 4 1  
8 . 009 1 7 7  
4 . 072 2 0 1  
2 . 9 0 1 7 6 6  
2 . 5 1 3 3 6 1  
2 . 47 9 2 0 4  
2 . 6 1 843 4 
2 . 83 45 2 6  
3 . 073 42 8  
3 . 3 03 3 7 6  
! •  3 .  5 05 2 4 1  
1 2 . 8 1 46 7 4  
6 . 5 1 5 5 1 4  
4 . 642 8 1 8  
4 . 02 1 3 7 0  
3 . 9 66 7 2 4  
4 . 1 8 9 49 1 
4 . 5 3 5 2 3 6 
4 . 9 1 7 480 
5 . 2 8 5 3 9 7  
5 . 6083 7 9  
1 6 . 0 1 8 3 4 1 
8 . 1 44402 
5 . 803 5 3 2  
5 . 02 6 7 2 2  
4 . 9 5 8 408 
5 . 2 3 68 6 6  
5 . 669052 
6 . 1 46854 
6 . 60 6 7 5 0  
7 . 0 1 0483 
0 . 785 5 3 0  
0 . 8 5 0 3 5 8  
0 . 922 02 8  
0 . 9 9 1 0 1 3  
1 . 05 1572 
3 . 2 03 6 6 9  
1 . 628879 
1 . 1 60705 
1 . 005 3 42 
0 . 9 9 1 68 1  
1 . 0473 7 3  
1 . 1 3 3 809 
1 . 2 2 9 3 7 0  
1 . 3 2 1 3 49 
1 . 402 0 9 5  
4 . 0045 8 8  
2 . 03 6 100 
1 . 450883 
1 . 2 5 6 680 
1 . 2 3 9 602 
1 . 3 09 2 1 6  
1 . 4 1 7 2 6 3  
1 . 5 3 67 14 
1 . 65 1 68 8  
1 . 7 5 2 62 1  
AM=0 . 0 40000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0000 FT2/SEC ( GLYCERINE ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 6 0 00 0  
0 . 0 7 0000 
0 . 0 80000 
0 . 0 9 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 0 2 0000 
0 . 0 3 0000 
0 . 040000 
0 . 0 5 0000 
0 . 0 60000 
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 0 2 0000 
0 . 0 3 0000 
0 . 0 40000 
0 . 0 5 0000 
0 . 0 6 0000 
0 . 0 7 0000 
0 . 0 8 0000 
0 . 0 9 0000 
0 . 1 00000 
126 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 .  80 ' ! 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 8 0 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 .. 00 
1 . 00 
1 . 00 
1 . 00 
1 . 0 0 
T F C H SA 
! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _  FT2_ 
8 . 02 9 469 3 . 2 1 1 7 8 7  0 . 802 947 0 . 0 1 0000 0 . 2 0 
4 . 2292 60 1 . 69 1 7 04 0 . 42 2 92 6 0 . 02 0000 0 . 2 0 
3 . 3 66473 1 . 3 46589 0 . 3 3 6647 0 . 0 3 0000 0 . 2 0 
3 . 3 7 6 187 1 . 3 5 0474 0 . 3 3 7 6 1 9  0 . 040000 0 . 2 0 
3 . 7 12 6 72 1 . 48 5 0 68 0 . 3 7 12 6 7 0 . 0 5 0000 0 . 2 0 
4 . 13 93 7 4  1 . 6 5 5 7 49 0 . 4 1 3 9 3 7 0 . 0 6 0 0 00 0 . 2 0 
4 . 5 43 470 1 . 8 1 7 3 88 0 . 4543 47 0 . 0 7 0000 0 . 2 0 
4 . 8688 5 4  1 . 9 4 7 5 4 1  0 . 486885 0 . 0 8 0 00 0  0 . 2 0 
5 . 09 3 9 6 7  2 . 0 3 7 5 8 6  0 . 5093 9 7  0 . 0 9 0000 0 . 2 0 
5 . 222 1 2 4  2 . 088849 0 . 5222 1 2  0 . 1 00000 0 . 2 0 
8 . 029 469 
4 . 2292 60 
6 . 42 3 5 6 9 
3 . 3 8 3 406 
1 . 605892 
0 . 84585 1 
0 . 0 1 0 0 0 0  
0 . 02 0 0 0 0  
0 . 40 
0 . 40 
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Table 7 ( c ont inued ) 
! 3 . 3 6 6473 2 . 6 9 3 1 7 5  0 . 67 3 2 9 4 0 . 03 0000 0 . 40 
3 . 3 7 6 1 8 7  2 . 700 948 0 . 6752 3 7 0 . 040000 0 . 40 
3 . 7 1 2 6 72 2 . 9 7 0 1 3 6 0 . 742 5 3 4  0 . 0 5 0000 0 .  40. 
4 . 1 3 9 3 7 4  3 . 3 1 1 49 6  0 . 82 7874 0 . 0 60 0 00 0 . 40 
4 . 543 470 3 . 63 4 7 7 3  0 . 908693 0 . 0 7 00 0 0  0 . 40 
4 . 868854 3 . 8 9 5 0 7 9  0 . 9 7 3 7 7 0  0 . 080000 0 . 40 
5 . 09 3 9 6 7  4 . 0 7 5 1 6 9  1 . 018792 0 . 0 9 0000 0 . 40 
5 .  2 2 2 12 4 4 . 1 7 7 692 1 . 04442 3 0 . 100000 0 . 40 
8 . 02 9469 9 . 6 3 5 3 5 7  2 . 408 8 3 9  0 . 0 1 0000 0 . 6 0 
4 . 2 2 9 2 6 0  5 . 0 7 5 108 1 . 2 68 7 7 7  0 . 02 0000 0 . 60 
3 . 3 6 6473 4 . 0 3 9 7 6 1  1 . 009940 0 . 0 3 0 0 00 0 . 60 
3 . 3 7 6 1 8 7  4 . 0 5 1 42 2  1 . 0 12 8 5 6 0 . 040000 0 . 60 
3 . 7 12 6 72 4 . 4 5 5 200 1 . 1 1 3 800 0 . 0 5 0 0 0 0  0 . 60 
. 4 ·. 1 3 9 3  7 4  4 . 9 6 7 2 43 1 . 2 4 1 8 1 1  0 . 0 60000 0 . 6 0 
4 . 5 43 470 5 . 452 160 1 . ' 3 63 040 0 . 0 7 0 0 0 0  0 . 6 0 
4 . 8 68 8 5 4  5 . 842 6 1 7  1 . 460 6 5 4  0 . 080000 0 . 6 0 
5 . 0 9 3 9 6 7  6 . 1 12 7 5 1  1 . 5 2 8 1 88 0 . 090000 0 . 6 0 
5 . 22 2 12 4  6 . 2 6 6 5 4 1  1 . 5 6 6 6 3 5  0 . 1 0000 0  0 . 60 
8 . 02 9469 1 2 . 847 145 3 . 2 1 1 7 8 6  0 . 0 1 0000 0 . 80 
4 . 2 2 92 60 6 . 7 6 6808 1 . 6 9 1 702 0 . 020000 0 . 80 
3 . 3 6 6473 5 . 3 8 63 5 3  1 . 3 46 5 8 8  0 . 03 0000 0 . 80 
3 . 3 7 6 187 5 . 40 1 89 4  1 . 3 50473 0 . 0 40000 0 . 80 
3 . 7 12 6 7 2  5 . 9 40 2 6 9  1 . 48 5 0 6 7  0 . 0 5 0 0 0 0  0 . 80 
4 . 1 3 9 3 7 4  6 . 6 2 2 9 9 3  1 . 6 5 5 748 0 . 0 6 0 0 0 0  0 . 80 
4 . 5 43 47 0  7 . 2 69 5 47 1 . 8 1 7 3 8 7 0 . 0 7 00 0 0  0 . 8 0 
4 . 86885 4 7 . 7 9 0 1 5 7  1 . 94753 9 0 . 080000 0 . 8 0 
5 . 09 3 9 6 7  8 . 1 5 0 3 4 1  2 . 03 7585 0 . 090000 0 . 80 
5 . 2 2 2 1 2 4  8 . 3 5 5 3 89 2 . 088 847 0 . 100000 0 . 8 0 
8 . 02 9469 1 6 . 0 5 8 9 2 9  4 . 0 1 473 5 0 . 0 1 0 0 0 0  1 . 00 
4 . 2 2 92 60 8 . 45 8 5 1 5  2 . 1 1 462 9 0 . 0 2 0 0 0 0  1 . 00 
3 . 3 6 6473 6 . 7 3 2 9 4 1  1 . 68 3 2 3 5  0 . 0 3 0 0 0 0  1 . 0 0 
3 . 3 7 6 187 6 . 7 52 3 7 3  1 . 688093 0 . 040000 1 . 00 
3 . 7 1 2 672 7 . 42 5 3 43 1 . 8 5 6 3 3 6  0 . 0 5 0 0 0 0  1 . 00 
4 . 1 3 9 3 7 4  8 . 2 7 8 7 44 2 . 069 6 8 6  0 . 0 60 0 0 0  1 . 00 
4 . 543 470 9 . 0 8 6 9 3 7 2 . 2 7 1 7 3 4  0 . 0 7 0 0 0 0  1 . 00 
4 . 8 688 5 4  9 . 7 3 7 7 0 1  2 . 43 442 5 0 . 080000 1 . 00 
5 . 09 3 9 6 7 1 0 . 1 8 7 9 2 7  2 . 546982 0 . 0 9 0 0 0 0  1 . 00 
5 . 2 2 2 12 4  i 0 . 4442 44 2 . 6 1 1 0 6 1  0 . 100000 1 . 00 
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T ab l e  8 
AM=0 . 0 40000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0000 FT2/SEC ( GLYCER I NE )  
W=1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
! T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT -FT2 -
8 . 000 1 5 3  3 . 2 00 0 6 1 0 . 8000 1 5  0 . 0 1 0000 0 . 2 0 
4 . 0 0 1 1 53 1 . 60046 1 0 . 400 1 1 5  0 . 020000 0 . 2 0 
2 . 6 7 0 5 2 0  1 . 0 6 8 2 0 8  0 . 2 6 7 0 5 2  0 . 03 0000 0 . 2 0 
2 . 00 9 1 17 -0 . 803 647 0 . 2 009 1 2  0 . 040000 0 . 2 0 
1 . 6 1 7 7 40 0 . 647 0 9 5  0 . 1 6 1 7 7 4 0 . 0 5 0000 0 . 2 0 
1 . 3 63 7 8 7  0 . 5 45 5 1 5 0 . 13 63 7 9  0 . 0 60 0 0 0  0 . 2 0 
1 . 1 9 0 70 8  0 . 4 7 6 2 8 4  0 . 1 1 9 0 7 1 0 . 0 7 0 0 0 0  0 . 2 0  
1 . 0 703 08 0 . 42 8 1 2 3  0 . 10703 1 0 . 080000 0 . 2 0 
0 . 9 8 683 5 0 . 3 94 7 3 4 0 . 098683 0 . 0 9 0 0 0 0  0 . 2 0 
0 . 9 3 0 5 6 1 0 . 3 72 2 2 4  0 . 09 3 05 6  0 . 1 00 0 0 0  0 . 2 0 
8 . 0 00 1 5 3 6 . 400 1 2 0  1 . 6000 3 0 0 . 0 1 00 0 0  0 . 40 
4 . 0 0 1 1 5 3  3 . 2 0 0 9 2 0  0 . 8002 3 0  0 . 02 000 0  0 . 40 
2 . 6 7 0 5 2 0  2 . 1 3 6 4 1 5 0 . 5 3 4 1 04 0 . 03 0000 0 . 40 
2 . 00 9 1 1 7  1 . 6072 9 4  0 . 40 1 8 2 4  0 . 0 40000 0 . 40 
1 . 6 1 7 7 40 1 . 2 9 4 1 9 1 0 . 3 2 3 5 48 0 . 0 5 0000 ! 0 . 40 
1 . 3 63 7 8 7  1 . 09 1 02 9  0 . 2 7 2 7 5 7  0 . 0 60000 0 . 40 
1 . 1 9 07 08 0 . 9 5 2 5 6 7  0 . 2 3 8 1 42 0 . 0 7 0 0 0 0  0 . 40 
1 . 0 7 0 3 0 8  0 . 8 5 6247 0 . 2 1 40 62 0 . 080000 0 . 40 
0 . 9 8 68 3 5 0 . 7 89 46 8  0 . 1 9 7 3 6 7  0 . 090000 0 . 40 
0 . 9 3 05 6 1  0 . 7 44 449 0 . 1 8 6 1 12 0 . 1 00 0 0 0  0 . 40 
8 . 000 1 5 3  9 . 600 1 82 2 . 400045 0 . 0 1 0 0 0 0  0 . 6 0 
4 . 0 0 1 1 5 3  4 . 8 0 1 3 8 0  1 . 2 003 4 5  0 . 020000 0 . 60 
2 . 6 7 0 5 2 0  3 . 2 04 6 2 3  0 . 80 1 1 5 6  0 . 0 3 0 0 0 0  0 . 60 
2 . 0 09 1 1 7 2 . 4 1 0 9 40 0 . 602 7 3 5 0 . 040000 0 . 60 
1 . 6 1 7 7 40 1 . 9 4 1 2 8 7  0 . 48 5 3 2 2  0 . 0 5 0000 0 . 60 
1 . 3 63 7 8 7  1 . 6 3 6 5 43 0 . 409 1 3 6  0 . 0 60000 0 . 60 
1 . 1 9 0708 1 . 42 88 5 1  0 . 3 5 72 1 3  0 . 0 7 0000 0 . 60 
1 . 0 7 03 08 1 . 2 843 6 9  0 . 3 2 1 0 9 3  0 . 080000 0 . 60 
0 . 9 8 68 3 5  1 . 1 8 42 0 1  0 . 2 9 60 5 0  0 . 0 9 0000 0 . 60 
0 . 9 3 05 6 1  1 . 1 1 6 6 7 3  0 . 2 7 9 1 68 0 . 1 00000 0 . 60 
8 . 000 1 5 3  12 . 8002 40 3 . 2 00060 0 . 0 1 0000 0 . 80 
4 . 0 0 1 1 5 3  6 . 40 1844 1 . 60046 1 0 . 020000 0 . 80 
2 . 6 7 0 5 2 0  4 . 2 7 2 83 1 1 . 068208 0 . 0 3 0000 0 . 8 0 
2 . 009 1 1 7  3 . 2 1 4587 0 . 803 647 0 . 040000 0 . 8 0 
1 . 6 1 7 7 40 2 . 5 883 8 3  0 . 64709 6 0 . 05 0000 0 . 8 0 
1 . 3 63 7 8 7  2 . 1 82 0 5 8  0 . 5455 1 5  0 . 0 60000 0 . 8 0 
1 . 1 9 0 7 0 8  1 . 9 0 5 1 3 4  0 . 4762 8 4  0 . 07 0000 0 . 80 
1 . 0 7 0 3 08 1 . 7 12 49 3  0 . 42 8 12 3 0 . 080000 0 . 80 
Tab l e  8 ( c ont inued ) 
0 . 98683 5 1 . 5 7 89 3 6 
0 . 9 3 0 5 6 1  1 . 48889 7 
8 . 000 1 5 3  
4 . 00 1 1 5 3  
2 . 670520 
2 . 009 1 1 7  
1 . 6 1 7 7 40 
1 . 3 63 78 7  
1 . 190708 
1 . 0703 08 
0 . 9 8 683 5 
0 . 9 3 05 6 1  
1 6 . 0 003 0 5  
8 . 0 02 3 08 
5 . 3 4 1042 
4 . 0 1 82 3 4  
3 . 2 3 5 48 0  
2 . 7 2 7 5 7 4  
2 . 3 8 1 41 9  
2 . 1 40 6 1 7  
1 . 9 7 3 6 7 0  
1 . 8 6 1 1 2 2  
0 . 3 9 473 4 
0 . 3 72 2 2 4  
4 . 0000 7 6  
2 . 0005 7 7  
1 . 3 3 52 60 
1 . 004559 
0 . 808870 
0 . 68 1 894 
0 . 5 9 5 3 5 5 
0 . 5 3 5 1 5 4  
0 . 493 4 18 
0 . 4652 8 1  
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 0000 FT2 /SEC ( GLYCER I NE )  
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 9 00 00 
0 . 1 00000 
0 . 0 1 0000 
0 . 02 0 0 00 
0 . 0 3 0000 
0 . 0 40000 . 
0 . 0 5 0000 
0 . 0 60000 
0 . 0 7 0000 
0 . 080000 
0 . 09 0 000 
0 . 1 00 0 00 
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0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
T F C H SA 
! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _ FT2_ 
8 . 003 63 5 
4 . 02 8442 
2 . 7 6 1 1 6 8  
2 . 2 1 52 7 1  
1 . 990807 
1 . 9 3 9473 
1 . 9 8 1 7 3 0  
2 . 067990 
2 . 1 6 6474 
2 . 2 5 7 1 7 0  
8 . 003 63 5 
4 . 028442 
2 . 7 6 1 1 68 
2 . 2 1 5 2 7 1 
1 . 9 90807 
1 . 9 3 9473 
1 . 9 8 1 7 3 0  
2 . 067990 
2 . 1 6 6474 
2 . 2 5 7 1 70 
8 . 003 6 3 5  
4 . 02 8442 
2 . 7 6 1 1 6 8 
2 . 2 1 52 7 1  
1 . 990807 
3 . 2 0 1 45 3  
1 . 6 1 1 3 7 7  
1 . 1 04467 
0 . 8 8 6 1 0 9  
0 . 7 9 63 2 3  
0 .  7 7 5 789. 
0 . 792 692 
0 . 82 7 19 6  
0 . 8 6 65 9 0  
0 . 9 02 8 6 8  
6 . 402 9 0 8  
3 . 2 2 2 7 5 4 
2 . 2 089 3 5  
1 . 7 7 2 2 1 7  
1 . 5 9 2 645 
1 . 5 5 1 5 7 9  
1 . 5 8 5 3 8 3  
1 . 6 5 4 3 9 2  
1 . 7 3 3 1 80 
1 . 80 5 7 3 7  
9 . 6043 5 5  
4 . 8 3 4 12 9  
3 . 3 1 3 40 1  
2 . 6 5 83 2 3  
2 . 3 889 6 6  
0 . 8003 6 3  
0 . 402 844 
0 . 2 7 6 1 1 7  
0 . 2 2 1 5 2 7  
0 . 19908 1 
0 . 1 9 3 9 47 
0 . 1 9 8 1 7 3  
0 . 2 0 6 7 9 9  
0 . 2 1 6648 
0 . 22 5 7 1 7 
1 . 600 7 2 7  
0 . 805 689 
0 . 5522 3 4  
0 . 443 054 
0 . 3 9 8 1 6 1  
0 . 3 8 7895 
0 . 3 9 63 46 
0 . 413 598 
0 . 43 3 2 9 5  
0 . 45 1 43 4  
2 . 40 1 089 
1 . 208532 
0 . 82 83 5 0  
0 . 6 6 4 5 8 1  
0 . 597242 
0 . 0 1 0000 
0 . 02 0 000 
0 . 0 3 0 0 00 
0 . 040000 
0 . 0 5 0 0 00 
0 . 0 60 0 00 
0 . 0 7 00 00 
0 . 080000 
0 . 090000 
0 . 1 0 0000 
0 . 0 1 0000 
0 . 020000 
0 . 0 3 0 000 
0 . 0 40000 
0 . 050000 
0 . 060000 
0 . 0 7 0 0 0 0  
0 . 080000 
0 . 090000 
0 . 1 00000 
0 . 0 1 0 0 00 
0 . 020000 
0 . 0 3 0000 
0 . 040000 
0 . 0 5 00 00 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 20 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 60 
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Tabl e  8 ( c ont i nued )  \ 
1 . 93 9 4 7 3  2 . 3 2 7 3 6 7 0 . 5 8 1 8 42 0 . 0 6 0000 0 . 60 
1 . 98 1 7 3 0  2 . 3 7 807 5 0 . 5 945 1 9  0 . 0 7 0000 0 . 60 
2 . 0 6 7 9 9 0  2 . 48 1 5 8 8  0 . 6203 9 7  0 . 080000 0 . 60 
2 . 1 6 6474 2 . 5 9 9 7 7 0  0 . 6 49 9 42 0 . 090000 0 . 60 
2 . 2 5 7 1 70 2 . 708604 0 . 6 7 7 1 5 1  0 . 100000 0 . 60 
8 . 003 6 3 5 12 . 805 805 3 . 2 0 1 45 1  0 . 0 1 0000 0 . 80 
4 . 02 8 442 6 . 4454 9 9  1 . 6 1 1 3 7 5 0 . 02 0000 0 . 80 
2 . 7 6 1 1 68 4 . 4 1 7 8 6 6  1 . 104466 0 . 03 0000 ' 0 . 80 
2 . 2 1 52 7 1  3 . 5 4443 0 0 . 886 108 0 . 0 40000 0 . 80 
1 . 9 9 0807 3 . 1 8 5 2 8 7  0 . 7 9 63 2 2  0 . 050000 0 . 80 
1 . 9 3 9 47 3  3 . 103 1 5 4  0 . 7 7 5 7 8 9  0 . 060000 0 . 80 
1 . 9 8 1 7 3 0  3 . 1 7 0 7 6 5  0 . 7 92 6 9 1  0 . 0 7 0000 0 . 80 
2 . 0 6 7 9 90 3 . 3 0 8 7 8 3  0 . 82 7 19 6  0 . 080000 0 . 80 
2 . 1 6 6474 3 . 46 63 5 7  0 . 8 6 65 8 9  0 . 090000 0 . 80 
2 . 2 5 7 1 7 0  3 . 6 1 1470 0 . 9 02 8 6 8  0 . 100000 0 . 80 
8 . 003 6 3 5 1 6 . 007 2 63 4 . 00 1 8 1 7  0 . 0 1 0000 1 . 00 
4 . 028 442 8 . 056885 2 . 0 1 42 2 1 0 . 020000 1 . 00 
2 . 7 6 1 1 6 8  5 . 522 3 3 1 1 . 3 80 5 8 3  0 . 0 3 0000 1 . 00 
2 . 2 1 52 7 1  4 . 43053 8 1 . 1 0 7 63 5 0 . 040000 1 . 00 
1 . 990807 3 . 9 8 1 6 12 0 . 9 9 5 40 3  0 . 0 5 0000 1 . 00 
1 . 9 3 9 47 3  3 . 8 7 8 9 4 6  0 . 9 6 9 7 3 7 · 0 . 060000 1 . 00 
1 . 9 8 1 7 3 0  3 . 9 63 460 0 . 9 9 0 8 6 5  0 . 0 7 0000 1 . 00 
2 . 067 9 90 4 . 13 5 9 7 9  1 . 03 3 9 9 5  0 . 080000 1 . 00 
2 . 1 6 6 4 7 4  4 . 3 3 2 9 5 1 1 . 08 3 2 3 8  0 . 09 0000 1 . 00 
2 . 2 5 7 1 7 0 4 .  5 1 43 3 91 1 . 1295·9 5  0 . 1 0 0000 1 . 00 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 50000 FT2/SEC ( GLYCER INE ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT -FT2 -
8 . 0 1 1 5 62 3 . 2 0 462 4 0 . 8 0 1 1 5 6  0 . 0 1 0000 0 . - 2 0  
4 . 09 1 3 6 3 1 . 6 3 6 5 45 0 . 409 1 3 6  0 . 02 0000 0 . 2 0 
2 . 9 60503 1 . 1 842 00 0 . 2 9 605 0 0 . 030000 0 . 2 0 
2 . 62 5 5 43 1 . 0502 1 7  0 . 2 62 5 5 4  0 . 040000 0 . 2 0 
2 . 6 3 3 7 1 8  1 . 0 5 3 48 7 0 . 2 63 3 7 2 0 . 050000 0 . 2 0 
2 . 7 80 9 7 7  1 . 1 12 3 9 1  0 . 2 7 80 9 8  0 . 0 60000 0 . 2 0 
2 . 9 5 6 5 9 9  1 . 1 82 63 9  0 . 2 9 5 6 6 0  0 . 0 7 0000 0 . 2 0 
3 . 1 0 1 43 7  1 . 2 40 5 7 4  0 . 3 1 0 1 44 0 . 080000 0 . 2 0 
3 . 1 889 84 1 . 2 7 5 5 9 4  0 . 3 1 8 8 9 8  0 . 09 0000 0 . 2 0 
3 . 2 1 48 6 9  1 . 2 8 5 9 4 7 0 . 3 2 1 48 7  0 . 1 0 0000 0 . 2 0 
8 . 0 1 1 5 62 6 . 40 9245 1 . 602 3 1 1  0 . 0 1 0000 0 . 40 
4 . 09 1 3 63 3 . 2 7 3 0 8 8  0 . 8 1 82 72 0 . 02 0000 0 . 40 
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T ab l e  8 ( c onti nued ) 
2 . 9 60 5 0 3  2 . 3 68400 0 . 592 100 0 . 03 0000 0 . 40 
2 . 62 5 5 43 2 . 10043 1 0 . 52 5 1 0 8  0 . 040000 0 . 40 
2 . 6 3 3 7 1 8 2 . 1 0 6 9 7 3  0 . 5 2 6 7 43 0 . 05 0000 0 . 40 
2 . 7 8 09 7 7  2 . 2 2 47 8 0  0 . 5 5 6 1 9 5  0 . 0 60000 0 . 40 
2 . 9 5 6 5 9 9  2 . 3 65 2 7 7  0 . 5 9 1 3 2 0  0 . 0 7 0000 0 . 40 
3 . 1 0 1 43 7 2 . 48 1 1 47 0 . 62 02 8 7  0 . 080000 0 . 40 
3 . 1 8 8 9 8 4  2 . 5 5 1 1 85 0 . 6 3 7 7 9 6  0 . 0 9 0000 0 . 40 
3 . 2 1 4 8 6 9  2 . 5 7 1 89 3  0 . 642 9 7 3  0 . 100000 0 . 40 
8 . 0 1 1 5 62 9 . 6 13 8 6 9  2 . 403 4 6 7  0 . 0 1 0000 0 . 6 0 
4 . 0 9 1 3 63 4 . 9 09 63 0 1 . 2 2 7 407 0 . 02 0000 0 . 60 
2 . 9 60 5 0 3  3 . 5 52 600 0 . 888 1 5 0  0 . 0 3 0000 6 . 60 
2 . 6 2 5 5 43 3 . 1 5 0 648 0 . 7 8 7 6 62 0 . 0 40 0 00 0 . 60 
2 . 6 3 3 7 1 8  3 . 1 6045 9  0 . 7 9 0 1 1 5  0 . 05 0000 0 . 60 
2 . 7809 7 7  3 . 3 3 7 1 7 1  0 . 83 42 9 3  . ! 0 . 0 60000 0 . 60 
2 . 9 5 6 5 9 9  3 . 5 47 9 1 7  0 . 8 8 6 9 7 9  0 . 0 7 0 0 00 0 . 60 
3 . 1 0 1 43 7  3 . 7 2 1 7 2 1  0 . 9 3 0 43 0  0 . 080000 0 . 60 
3 . 188984 3 . 82 6 7 7 7  0 . 9 5 6 69 4  0 . 0 9 0 000 0 . 60 
3 . 2 1 48 6 9  3 . 85 7840 0 . 9 6 4460 0 . 1 00000 0 . 60 
8 . 0 1 1 5 62 1 2 . 8 1 8493 3 . 204623 0 . 0 1 0000 0 . 80 
4 . 09 1 3 63 6 . 5 4 6 1 73 1 . 63 6543 0 . 020000 0 . 80 
2 . 9 60 5 0 3  4 . 7 3 6 7 9 7  1 . 1 8 4 1 9 9  0 . 03 0000 0 . 80 
2 . 62 5 5 43 4 . 2 00863 1 . 0502 1 6  0 . 040000 0 . 80 
2 . 6 3 3 7 1 8 4 . 2 13 9 43 1 . 053 48 6  0 . 050000 0 . 80 
2 . 7 809 7 7  4 . 449 5 5 8  1 . 1 12 3 9 0  0 . 0 60000 0 . 80 
2 . 9 5 6 5 9 9  4 . 7 3 0 5 5 6  1 . 182 6 3 9  0 . 0 7 0000 0 . 80 
3 . 1 0 1 43 7  4 . 9 62 2 9 2  1 . 2 40 5 7 3  0 . 080000 0 . 80 
3 . 1 88 9 8 4  5 . 1023 6 7  1 . 2 7 5 5 9 2  0 . 090000 0 . 80 
3 . 2 1 48 69 . 5 . 1 43 7 84 1 . 2 8 5 9 4 6  0 . 100000 0 . 80 
8 . 0 1 1 5 62 1 6 . 02 3 1 1 7  4 . 005 78 1 0 . 0 1 0000 1 . 00 
4 . 09 1 3 63 8 . 182 720 2 . 045 680 0 . 020000 1 . 00 
" 2 . 9 60 5 03 5 . 92 100 1 1 . 4802 5 0  0 . 0 3 0000 1 . 00 
2 . 6 2 5 5 43 5 . 2 5 10 83 1 . 3 12 7 7 1  0 . 040000 1 . 00 
2 . 6 3 3 7 1 8 5 . 2 67 43 3  1 . 3 1 6 8 5 8  0 . 050000 1 . 00 
. 2 .  7 809 7 7  ! . 5 . 5 6 1 9 5 4  1 . 3 90 489 0 . 0 60000 1 . 00 
2 . 9 5 6 5 9 9  5 . 9 1 3 1 9 3  1 . 4782 9 8  0 . 0 7 0000 1 . 00 
3 . 1 0 1 43 7  6 . 202 8 6 9  1 . 5 50 7 1 7  0 . 080000 1 . 00 
3 . 1 88 9 84 6 . 3 77 9 6 4  ! 1 .  5 9 449 1 . 0 . 090000 1 . 00 
3 . 2 1 48 69 6 . 42 9 7 3 3  1 . 60 7 43 3 0 . 1 00000 1 . 00 
0 
0 
U N S T E A D Y  F L O W  
00�.�0�0----�01.�0�2------or--------.------�------� . o 4 o . o 6 o . o s a .  i O  H - F T  
W : 1 0  









00 . 00 0 . 0 2 
U N S T E A D Y  F L O W  
o . o 4 o . o 6 
� - F T 
o . 2 
W a 1 0  
o . oa o .  i 0 
Figure 52 . DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 30 ) .  
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Figure 54 . DAMPER COEFFICIENT VS FREQUENCY ( GLYCERINE ) .  
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Conc lus ion 1 :  Steady F low Case 
It 
Append ix B 
is  apparent from the resu l t s  
in the form of tab le s  and 
pre sented in Chap ter 2 and 
chart s  that a con siderab le 
variat ion in the damper coeffic ient occur s when the f luid height 
varies from 0 . 01  ft to 0 . 1  ft . The sma l ler the f luid height is , the 
higher the damper coefficient . 
Conc lus ion 2 :  One Termina l o f  the Damper is  F ixed and the Other is 
Exc ited by a Periodic Motion . 
The s tudy o f  this case revealed that  the damper coeffic ien t  
at the exc it ed end and f ixed end of  the damper are very much the 
same . Also the effect of  the frequency on the damper coeffic ient 
varies depend ing on the type of f luid that is used in the damper . 
The study of  the f luid height var iat ion on the damper coeffic ient 
exhib ited that for very viscous f luids e .g .  g lycer ine the damper 
coeffic ient is  invers e ly proportiona l to the f luid height . However , 
the study also  showed that for f luids that do not have high vis­
co s ity e . g .  lubricat ing o i l  SAE 1 0 , the damper coeffic ient is  in-
ver s e ly 
which 
proport iona l to the f luid height 
the damper coeffic ient is min imum . 
up to a cr it ical po int at 
However ,  increas ing the 
f luid height af ter this  min imum po int wil l  result  in increas ing the 
damper coefficient . 
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Conc lus ion 3 :  Both Termina ls Are Excited by In-Phas e  Periodic 
Mot ions With The Same Ve loc it ies . 
I t  is  app arent from the s tudy of  thi s  cas e  that for 
g lycerine the higher the fluid height , the higher the damper coeffi­
cient , and for SAE 1 0  and SAE 30 there i s  a certain he ight of  f luid 
that provides the maximum value of the damper coeff ic ient . The 
study reveal ed that at h = 0 . 03 f t , the damper coeffic ien t  ha s its 
maxima . The study also revealed that the f luid height has no e ffe ct 
on the damper coeff i c ient if water is  used as the damper f luid . 
Conc lus ion 4 :  Both Termina ls  o f  the Damper Are Exc i t ed by Out of  
Phase Per iodic Mot ions With the Same Ve locitie s . 
The study o f  this case revealed that if the f luid in the 
damper is g lycerine decreas ing the f luid height resu l t s  in increas­
ing the damper coeffic ient no matter what frequency the per iodic mo­
t ion has . 
For the lubricat ing o i l s  SAE 10 and SAE 30  the s tudy 
revea led that the damper coeffic ient decreas e s  as the f lu id height 
increases . However , this is true up to h = 0 . 03 ft after which the 
damper coeffic ient starts increas ing as the fluid height increas e s . 
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Conc lus ion 5 :  Bo th Termina ls of the Damper are Ex c it ed by Out o f  
Phase Per io d ic Mot ions With Different Ve locit ie s . 
I t  is  apparent 
f luid s , g lycerine and 
f luid height is , the 
from the study of this case  that for the 
the lubricat ing o i l  SAE 30 , the lower the 
higher the damper coefficient . For the 
lubricat ing o i l  SAE 10 there is a cert ain height of the f luid at 
which the damper coeffc ien t  is minimum and aft er that po int increas­
ing the f luid he ight wi l l  resu lt in increas ing the coefficient o f  
the damper . 
The variat ion in the frequency has an effect  of  increas ing 
or decreas ing the damper coefficient as long as the f luid height is  
sma l l . However , increas ing the fluid height wil l  resu lt in increas­
ing the frequency effect  on the damper coefficient . 
Conc lus ion 6 :  Bo th Termina ls of  the Damper are Excited by In Phase  
Periodic Mo t ions With Different Ve loc it ies . 
The study o f  this case revealed that for g lycer ine , the 
smal ler the f luid he ight , the higher the damper coefficient . Also  
for the lubricating o i l  SAE 3 0 , the higher th� f luid height , the 
higher the damper coeff icient after the depre s s ion po int at which 
the damper coeffic ient is minimum . For the lubr icating o i l  SAE 1 0  
the study showed that there are two f luid heights a t  which the damp­
er coeffic ient is minimum and max imum respective ly . Increas ing the 
f luid height af ter the minimum value wil l  resu lt  in increas ing the 
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damper coefficient . Then , increas ing the f luid he ight after the 
max �um va lue resu lt s in decreas ing the damper coeffic ien t  in the 
cons idered h range . 
The effect of  the frequency on the damper coeffic ient var ies 
depend ing on the type of  f lu id that is used in the damper and the 
f luid he ight in between the plate s . 
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RECOMMENDATIONS 
Further res earch on this  subject shou ld inc lude the varia­
t ion in the vis cos ity  with respect to the increase in the f lu id tem­
perature and pres sure . To accomp l ish this , a detail ed exper imental 
inve st igation shou ld be conducted . This wil l  e ither con f irm ,  to 
some extent , the as sumpt ion of  cons tant visco s ity or show lack of  
val idity of such as sumpt ions . The data obtained from this  inves­
t igat ion can be u se d  to check the validity of the theoretical  
resu lts  of this study . 
·Addit iona l r e search may be cons idered to inc lude : 
1 )  Effect  of  p late edges . 
2 )  The thicknes s  of the plates . 
3 )  Surface roughnes s  of  the plates . 
4) Inj e c t ion �f particles  in the fluid . 
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SOLUTION OF EQUATION ( 3-7 ) 
u (y) • Ae ( i+l) Sy + B e- ( i+l) Sy 
where S • ( · 2� ) 1/ 2 , A and B are constants  to b e  d e termined from 
the boundary cond it ions . App lying the boundary cond it ions to 
Equat ion (3-6 ) and so lving it . 
u • A + B 0 ( 1) 
o • Ae( i+l) Sh + B e- ( i+l) Sh ( 2) 
There are two unknowns A and B and we have two Equat ions ( 1 ) and 
( 2) .  So lving these equations , we obtain from ( 1 )  
Sub st itut ing it in Equat ion ( 2 ) ,  
(u _ B) e(
i+l) Sh + B e- (
i+l) Sh . O 0 
u e ( i+l) Sh + B [ e- ( i+l) Sh _ e( i+l) Sh] • 0 0 
( i+l) Sh B.[ ( i+l) Sh e-
( i+l) Sh] u e • e -0 -
bu.t 
( i+l) Sh - ( i+l) Sh 
sinh [ ( i+l) Sh] = -=e----2
----=e;..._ __ _ 
u e ( i+l) Sh • 2B { s inh [ ( i+1) 6h ] }  0 
A•u - B .  0 
2u s inh [ ( 1+1) Bh] - u e
( i+1) Bh 
A • o · o 
2s 1nh ( 1+1) Bh 
u e ( i+l) Bh 0 B • 
2s irih [ ( 1+1) Bh ]  
Sub st itution of A and B into Equat ion (3-5) we f ind , 
2u s inh [ ( i+1) Bh ] e
( i+1) By 
u • _o�-----�-----�--2s 1nh [ ( i+1) Bh ] 
u e( i+1) B (h+y) u e ( 1+1) S (h-y) 0 0 
2s inh [ ( i + 1) Bh 1 + "'!"2-s 1-nh--:[�(-1 +-1�)-S-h�] 
e ( i+1) B (y+h) _ e- ( i
+l) S (h-y) _ e
( i+1) S ( h+y) + e( i+1) B (h-y) .  u • uo [ 2sinh ( 1+1) Bh ] 
Thus , 
2s inh [ ( i+l) B (h-y) ] 
2s1nh [ ( 1+1) Bh ] 
itwt + £) { sinh [ ( i+l) B (h-y) ] } u (y , t) • uoe s inh [ ( i+l) Bh] 
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SIMPLIFICATION OF EQUATION .( 3 - 9) 
� I • · pu ( i+l) e1 (�t + e) co th ( iSh + Bh) 
y•O o 
or 
� - pu ( iS + S) ei (�t + e) [cosh ( iSh + Sh) ] o s inh( iSh + Sh) 
From hyperbo l ic formu las 
cosh ( Sh + iSh) • coshSh cosSh + is inhSh s inSh 
s inh( Sh + iSh) • s inhSh cos Sh + icoshSh s inSh 
setting £ • 0 
( iS +  B ) eiwt • ( iS + B) { coswt + isinwt) 
• iS coswt + Bs inwt + Scoswt + iSs inwt 
Sub st itut ing the above expre s s ion into Equation ( 3-9)  
T I 
y=O 
u �B ( ic oswt-s inwt+coswt+is inwt) ( coshBh cosSh+is inhBh sinSh) 0 
s inhSh cos Bh + icoshSh s inBh . 
Mul t ip ly ing the denominator and the numerator by the comp l ex 





1J8 [ ( icoswt - s inwt + coswt + is inwt) ] x 
[ ( coshSh cos Sh + is inbBb sinSh) (sinhSh cos Sh - icoshSb s inSh) ] 
As suming 
a • ( icoswt - s inwt - coswt + isinwt) 
b • (cosbSh cos Sh + is inhSh s inSh) 
c • ( s inhSh cosSh - icoshSh s inSh) 
( c) (b) • ( c oshSh cos 2Sh s inhSh + isinh2Bh s inSh cos Sh 
2 2 - icosh Sh cos Sh s inSh + s inhSh coshSh s in Sh) 
( a) (b) ( c) • ( icoswt coshSh sinhSh cos8h - coswt s inh2Bh s inSh cos Sh 
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+ coswt cosh2Sh cos Sh s inSh + icos w� s inhSh coshSh s in2Sh 
- s inwt coshSh s inhSh cos
2Sh - is inwt s inh2Sh s inSh cosSh 
+ is inwt cosh2 Bh cosSh sinSh - s inwt s inhSh coshSh s in2Sh 
coswt coshSh cos
2Sh s inhSh + icoswt s inh2Sh s inSh cosSh 
- icoswt cosh2Sh cos Sh s inSh + coswt s inhSh coshSh sin2Sh 
is inwt s inhSh coshSh cos 2Sh - s inw t s inh2 Sh s inSh cosSh 
+ s inwt cosh2Bh cosSh s inSh + is inwt s inhSh c oshSh s in2Sh) 
Also from hyperbo lic formulas  and trigonome tric formu l a s  
s in2 Sh = 1 - cos 2 Sh 
2 
2 1 + cos2 Sh cos s· h - 2 
s inh2Sh • 2s inhSh coshSh 2 2 cosh2Sh • s inh Sh + cosh Sh 
s in2Sh • 2s inSh cos Sh 
2 2 
s in Sh + cos Sh • 1 2 2 cosh Sh - s inh Bh • 1 
(a) (b) ( c) 1 • - COS(I)t 2 
2 2 [ s in28h ( cosh Sh - s inh Sh) . + 
2 2 s inh2Sh( cos Sh + s in Sh) ] -
1 2 2 
2 s inwt [ s inh28h ( cos Sh + s in Sh) ] + 
1 2 2 
2 s inwt [ s in28h (cosh Sh - s inh Sh) ] 
1 
• 2[ coswt ( s in28h + s inh28h) + s inwt ( s in2Sh - s inh2Sh) ] 
The Denominator 
2 2 2 2 ( s inh Sh cos Sh + cosh Sh s in  Sh) 
• � [ s inh2 Sh + s inh2Sh cos2Sh + cosh2Sh - cosh2 Sh cos2Sh]  
2 
• � [ cosh2Sh - coslah ] 
Sub s t itut ion of the denominator and the numerator in to. Equation 
( 3-9)  leads : 
I pu B [ ( s in2Sh + s inh2Sh) coswt + ( s in2Sh - s inh28h) sinwt ]  T • --�0----------------���----��-----------------
y•Q cosh2Bh - cos 2 Bh 
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SIMPLIFICATION OF EQUATION ( 3-24) 
I pu e
1(�t + £) (8 1 + B)  
T • __ o_""""""'!' ___ �----
y-h sinh ( i8h + 8h) 
From hyperbo lic formulas 
sinh( Bh + 18h) • s inh8h cos8h + icoshBh s inSh 




Sub st itut ing Equat ions (3 ) and ( 4) into Equat ion ( 3-23 ) and se t-
t ing t • 0 ,  we find : 
I pu ( iScosoot - Ssinoot + Bcoswt + iB s inwt) T • -�o __________________________________ __ 
y-h s inhSh cosSh + icoshBh s inBh ( 5) 
Mul t iply ing the denominator and numerator by the comp lex conjugate 
of the denominator , Equat ion ( 5) be come s : 
T I - lJU ( i6cOS(&)t - Bsinwt + Bcoswt + iSs in�t) 0 2 2 X y•h ( sinhSh cosSh) + ( coshBh sinBh) 
( sinhSh cosBh - icoshBh s inBh) ( 6) 
( s inhSh 2 2 cosSh) + ( coshSh s inSh) 
The Numerator : 
iScosoot s inhSh cosSh - Ss inhBh cosBh sinwt + S s inhSh cosBh 
coswt + iSsinhBh cosSh s inwt + ScoshSh s inSh coswt + iScoshBh 
sinBh sinwt - iScoshBh s inSh coswt + ScoshBh s inBh s inoot 
Taking the real part of the above expression 
cos�t ( B s inhBh cosBh + BcoshBh s inBh) + 
s in�t ( BcoshBh s inBh - SsinhBh cos Bh) 
The shear stre s s  expres s ion becomes 
. I �u B [ ( s inhBh cosBh + coshBh s inBh) cos�t + s in�t T • --�o-----------------------------------------y-h 
( coshBh s inBh - s inhSh cosSh) s in�t ]  
l / 2 ( cosh2Sh - cos2Sh) 







Sh s in2Bh + 2s inhBh coshSh s inBh cos Sh 
+ cosh2Bh s in2 Bh + s inh2 Sh cos 2Sh - 2coshSh s inhSh s inSh cos Bh 
2 2 2 2 • 2s inh Bh cos Bh + 2cosh Bh s in Bh 
2 2 2 2 
• [ sinh Bh + s in Bh cos 2Bh + cosh Bh - cosh Bh cos 2 Bh]  
2 2 2 2 
• [ s inh Bh + cosh Sh - cos2Sh( cosh Bh - sinh Sh) ] 
• [ cosh2Sh - cos 2 Sh ]  
Sub s t itut ion of  the las t expres s ion into Equat ion (3 -30 ) 
1 2�u S ( lcosh2Sh - cos 2Sh) T max • -�0--------�--y=h ( cosh 2 Sh - cos 2 Sh) 
1 2 �u B T · max = -------0�------
. Y•h /cosh2 Sh - cos 2 8h 
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The Shear Stres s Equat ion When Bo th End s o f  the Damper 
Are Excited by Per iod ic Mot ions . 
Rewrit ing the genera l s o lut ion of  the differentia l Equat ion ( 3- 5) 
A ( i+1) Sy + B - ( i+1) Sy u • e e 
App lying the boundary cond it ions to the above equat ion we obtain , 
u e iwt • A + B 1 
iwt A ( 1+1) Sh + B -( i+1) Sh u2e • e e 




2 iwt A • e [ 
2s inh ( i+1) Sh 
] 
( i+1) Sh 
iwt � e - u2 B • e [ 





( 4 )  
( 5) 
Sub st itu t ing the cons tants A and B into Equat ion ( 3- 5) , we ob tain : 
iwt e ( i+1
) Sy [ 2s inh ( i+1) Bh - e
( i+1) Bh ] + e ( i+1) Bh e- ( i+1) By) u(y , t) •e [ u1 ( 2sinh(i+l) h 
u2s inh ( i+1) y 
+ sinh ( i+l) h ] 
D ifferent iat ing the above equat ion with respect  to u ,  we f ind 
dU - -ay 
iw t
[ e -
u1 ( i+l ) S c o s h ( i+l ) S (h-y ) u2 ( i+l ) S c o sh ( i+l ) Sy 





2cosh ( i+l) B (h-y) • e- ( i+l) B (h-y) + e ( i+l) B (h-y) 
sett ing a•S (h�y) thu s , 
2cosh(a + ia) • 2 ( cosha cosa + is inha s ina) 
Also , 
cosh ( i+l) By • coshBy cos By +  is inhBy s inBy · 
Mul t ip ly ing the denominator and the numerator o f  Equat ion ( 3-7 ) by 
the comp lex conjug ate of the denominator , where 
sinh( i+l) Bh • s inhBh cos Bh + icoshBh s inBh 
Thus , the d enominator becomes : 
2 2 2 2 1 
( s inh Bh cos Bh + cosh Bh s in Sh) • 2 ( cosh2 Bh - cos 2Sh) 
The Shear Stre s s  Expres s ion 
For s imp l ification of Equat ion ( 7 )  we have 
(b) 
( c) 
( i+l) Sh Sh e • e ( co s Bh + is inSh) 
iwt e = cos wt + is inwt 
( 8) 
Then Equat ion ( 7 ) may be writ ten in the form 
au - ·  
ay 
i 
-2 (i+l) Su 1cosh (a+ia) (sinhBh cos Sh - icoshSh. s inSh) e wt ( ---------=---------------------------------------
cosh2 Sh � cos2 8h 
2u2 ( i+l ) Scosh ( Sy+�Sy) ( s inhSh cos S h - icoshSh s inSh) + . J 
cosh2 Sh - cos2 Sh 
S imp l ify ing e ach term from the above equat ion 




( i+l) e cosh (a+ia ) 
• [ coswt·  cosha ·co sa + icoswt sinha s ina + 
isinwt c o sha cosa - sinw_t . sinha· sina 
+ ico swt cosha cosa - coswt s inha · sina 
-sinwt cosha cosa - isinwt s inha s ina ] 
iwt  (i+l ) e  c o s h ( a+ia) (sinh Sh cos Sh - icoshSh s in Sh )  
• coswt ( c osha cosa sinhSh cos Sh + isinha sina 
s inhBh cos Sh - icosha cosa �oshSh s in Sh + s inha 
s ina coshBh s in Sh + cosha c osa coshsh· s in Bh + 
i s inha s ina coshSh sin Sh + icosha co sa s inhBh cos Bh 
-sinha sina s inhBh . cosSh) + s inwt (icosha cosa 
s inhBh cos Bh - s inha sina sinhBh cos Bh + cosha 
cosa co shBh s in8h + i s inha ·sina coshSh sinSh + 
icosha c osa c oshSh s in Sh - sinha sina. coshSh 
sinSh - cosha cosa sinhBh co s Sh - i s inha s ina 
s inhSh c.o s Bh )  
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( 9)  
taking the real part of the above express ion 
(c) • coswt (cosha cosa sinh6h co sSh + sinha 
sina cosh6h s in6h - sinha sina sinhSh .cos Sh 
+ cosha· cosa coshSb s inSh) + sin&&lt 
( -sinha sina s inhSh c: osSh + cosha cos a 
coshSh sinSh - cosha cosa sinhSh cosSh 
- sinha sina coshSh s inSh) 
(d ) • ( i+l ) cosh ( Sy+i 8y) e
1C&Jt 
This term is like the previou s term ( c )  except that a • B y . Thu s 
the real part is : 
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(e )  • coswt (coshSy c os By sinhSh cosSh + s inhSy sinSy cosh 6h sinSh 
sinhSy s inSy s inhSh co s Sh + coshSy cosSy coshSh sinSh) + s inwt 
(-sinhSy sin Sy sinhSh cosSh - coshSy cos Sy sinhSh cos Sh + 
coshSy cos By coshSh 5in 8h - s inh Sy :oshSh s inSy sinS h) 
Eva luat ing the terms in ( d )  and ( e )  by y • 0 . 0 and y • h we f ind 
( d )  and ( e )  as : 
( f )  • coswt (coshSh s in hSh + s inSh c os Sh) - s inwt ( s inhSh c oshS h -
s in Sh co s  Sh) 
or 
(g)  • sinhSh cosh8 h (cosw t - sinwt ) + cos Sh sin Sh ( cosw t + s inwt ) 
the shear stre s s  at y • 0 . 0  is obtained af ter sub s t itut ing ( f )  and 
( g )  into Equat ion (8 )  and the resu lt into the shear str es s 
equat ion 
I (coswt + sinwt ) (-2u1coshSh ainhSh + 2� ,coshSh sinSh) �y•O • -�S [ ------------------------------------�-----------
cosh2 Sh - cos2 Sh 
(coswt - sinwt ) (-2u 1s in8h cosSh + 2u2s inhSh cos Bh) + J 
cosh2 Bh - cos2 Bh 
From tr igonometric identities we can writ e  
2 12 12 2 1r 
(coswt - sinwt ) • �i [ :f coswt - lr sinwt ] • 7:2 cos (wt + 4 ) 
(coswt + s inwt ) • � s in (wt + � ) 
Thus 
-r l • Yl}JB "' y•O [ cos (wt + 4 ) (u1ainh2 Sh - 2u2sinh8h cosB h ) (cosh2 Sh - cos2 Sh) 
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+ sin (wt + � ) (u1sin2 Sh - 2u 2coshSh sinSh ) ] 
the Shear s tre s s  at y • h is obtained aft er sub s t itu ting y • h 
into ( d ) and ( e ) and do ing the same proc edure as in T 1 0  we find : 
y- .  
' 12\J B 't - ____ ...:;...;... __ _ y•h cosh2 Sh - cos2 8h 
1T [ cos (wt + 4) (2u1sinh8h cos Sh - u2sinh2 Sh) + · 
sin (wt + i> < 2u1coshSh sinSh - u2sin2Sh) ] 
APPENDIX B 
THE STEADY FLOW CASE 
TABLES & PLOTS 
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T ab l e  B . 1 
AM= 0 . 008 3 500 LBF- SEC/FT2 ( STEADY FLOW ) 
V= 4 . 00 FT/SEC ( LUBRI CAT I NG O I L  SAE 3 0 )  
! T F c H SA 
! _LBF/FT2 _ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 - -
6 . 680000 0 . 668000 0 . 1 67 000 0 . 0 10000 0 . 1 0 
6 . 680000 . ! 1 . 3 3 5 9 9 9  0 . 3 3 40 00 0 . 0 10000 0 . 2 0 
6 . 680000 ! 2 . 003 9 9 9  0 . 5 0 1 00 0  0 . 0 1 0000 0 .  3 0  
6 . 680000 2 . 6 7 1 99 9  0 . 668000 0 . 0 1 0000 0 . 40 
6 . 680000 3 . 3 40000 0 . 8 3 5 000 0 . 0 1 0000 0 . 5 0 
6 . 680000 4 . 007 9 9 6  1 . 00 1 9 9 9  0 . 0 10000 0 . 60 
6 . 680000 4 . 6 7 5 9 9 9  1 . 1 6 9 000 0 . 0 10000 0 . 7 0 
6 . 680000 5 . 3 43 99 8  1 . 3 3 5 9 9 9  0 . 0 10000 0 . 80 
6 . 680000 6 . 0 1 1 9 9 7  1 . 5 02 9 9 9  0 . 0 1 0000 0 . 9 0 
6 . 6 80000 6 . 680000 1 . 6 7 0000 0 . 0 1 0000 1 . 00 
3 . 3 3 9 9 9 9  0 . 3 3 4000 0 . 083 5 00 0 . 02 0000 0 . 1 0 
3 . 3 3 9 9 9 9  0 . 6 68000 0 . 1 67 0 00 0 . 02 0000 0 . 2 0 
3 . 3 3 99 9 9  1 . 00 1 9 9 9  0 . 2 50500 0 . 02 0000 0 .  3 0  
3 . 3 3 9 9 9 9  1 . 3 3 5 9 9 9  0 .  3 3 4000 0 . 02 0000 0 . 40 
3 . 3 3 9 9 9 9  1 . 6 69 9 9 9  0 . 4 1 7 5 00 0 . 02 0000 0 . 50 
3 . 3 3 9 9 9 9  2 . 003 9 9 9  0 . 501 000 0 . 02 0000 0 . 60 
3 . 3 3 9 9 9 9 2 . 3 3 7 9 9 8  0 . 584500 0 . 02 0 00 0  0 . 7 0 
3 . 3 3 9 9 9 9  2 . 6 7 1 99 8  0 . 6 68000 0 . 02 0 00 0  0 . 8 0 
3 . 3 3 9 99 9  3 . 005 9 9 9  0 . 75 1500 0 . 02 0000 0 . 9 0 
3 . 3 3 9 9 9 9  3 . 3 3 99 9 9  0 . 83 5 000 0 . 02 0000 1 .  00 . 
2 . 2 2 6 6 6 6  - 0 . 2 2 2 6 6 7  0 . 05 5 6 6 7  0 . 0 3 0000 0 . 10 
2 . 2 2 6 6 6 6  0 . 445 3 3 3  0 . 1 1 1 3 3 3  0 . 03 0000 0 . 2 0 
2 . 2 2 6 6 6 6  0 . 6 6 8000 0 . 1 6 7 000 0 . 0 3 0 000 0 . 3 0 
2 . 2 2 6 6 6 6  0 . 8 9 06 6 6  0 . 22 2 6 6 7  0 . 0 3 0000 0 . 40 
2 . 2 2 6 6 6 6  1 . 1 1 3 3 3 3  0 . 2 7 8 3 3 3  0 . 03 0000 0 . 5 0 
2 . 2 2 6 6 6 6  1 . 3 3 5 9 9 9  0 . 3 3 40 0 0  0 . 0 3 0000 0 . 60 
2 . 2 2 6 6 6 6  1 . 5 5 8 6 6 5  0 . 3 8 9 6 6 6  0 . 03 0000 0 . 7 0 
2 . 2 2 6 6 6 6  1 . 7 8 1 3 3 2  0 . 445 3 3 3  0 . 0 3 0000 0 . 80 
2 . 2 2 6 6 6 6  2 . 0 0 3 999 0 . 5010 00 0 . 0 3 0000 0 . 9 0 
2 . 2 2 6 6 6 6  2 . 2 2 6 6 6 6  0 . 5 5 6 6 6 7  0 . 03 0 00 0  1 . 00 
1 . 6 69 9 9 9  0 . 1 6 7 000 0 . 04 1 7 5 0  0 . 040000 0 . 1 0 
1 . 6 69 9 9 9  0 . 3 3 4000 0 . 08 3 5 00 0 . 040000 0 . 2 0 
1 . 6 6 9 9 9 9  0 . 5 0 1000 0 . 12 5 2 5 0 0 . 040000 0 . 3 0 
1 . 6 6 9 9 9 9  0 . 6 68000 0 . 1 6 7 000 0 . 040 000 ' 0 . 40 
1 . 6 6 9 9 9 9  0 . 83 5 000 0 . 2 0 8 7 5 0  0 . 040000 0 . 5 0 
1 . 6 6 9 9 9 9  1 . 0 0 1 9 99 0 . 2 5 0 500 0 . 040000 0 . 6 0 
1 . 6 6 9 9 9 9  1 . 1 68 9 9 9  0 . 292 2 5 0  0 . 040000 0 . 7 0 
1 . 6 6 9 9 9 9  1 . 3 3 5 9 9 9  0 . 3 3 4000 0 . 040000 0 . 8 0 
1 . 6 6 9 9 9 9  1 . 502999 0 . 3 7 5 7 5 0 0 . 040 000 0 . 9 0 
1 . 6 69 9 9 9  1 . 6 6 9 9 9 9  0 . 417 5 0 0  0 . 040000 1 . 00 
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T ab l e  B . 1 ( c onti nued ) 
1 . 3 3 5 9 9 9  0 . 1 3 3 600 0 . 03 3 40 0  0 . 0 5 0000 0 . 1 0 
1 . 3 3 5 9 9 9  0 . 2 67200 0 . 0 6 6800 0 . 0 5 0000 0 . 2 0 
1 . 3 3 5 9 9 9  0 . 400800 0 . 1 00 2 0 0  0 . 0 5 0000 0 . 3 0 
1 . 3 3 5 9 9 9  0 . 5 3 4400 0 . 1 3 3 6 0 0  0 . 0 5 0 000 0 . 40 
1 . 3 3 59 9 9  0 . 6 68000 0 . 1 6 7 00 0  0 . 0 5 0000 · o .  so  
1 . 3 3 59 9 9  0 . 8 01 600 0 . 2 00 40 0  0 . 0 50000 0 . 60 
1 . 3 3 5 9 9 9  0 . 9 3 5 1 9 9  0 . 2 3 3 80 0  0 . 0 50000 0 .  7 0  
1 . 3 3 5 9 9 9  1 . 0 6 8 7 9 9  0 . 2 67 2 00 0 . 0 5 0000 0 . 80 
1 . 3 3 5 99 9  1 . 2 02 3 9 9  0 . 3 00 60 0  0 . 0 5 0000 0 . 90 
1 . 3 3 5 9 9 9  1 . 3 3 5 9 9 9  0 . 3 3 4000 0 . 050000 1 . 00 
1 . 1 1 3 3 3 3  0 . 1 1 1 3 3 3  0 . 02 7 83 3 0 . 0 6 0000 0 . 1 0 
1 . 1 13 3 3 3  0 . 2 22 6 6 7  0 . 055 6 6 7  0 . 0 60000 0 . 2 0 
1 . 1 1 3 3 3 3  0 . 3 3 4000 0 . 083 50 0  0 . 0 60000 0 . 3 0 
1 . 1 1 3 3 3 3  0 . 4453 3 3  0 . 1 1 1 3 3 3  0 . 0 60000 0 . 40 
1 . 1 1 3 3 3 3  0 . 5 5 6 6 6 7  0 . 1 3 9 1 6 7  0 . 0 6 0000 0 . 5 0 · ! 
1 . 1 1 3 3 3 3  0 . 6 68000 0 . 1 6 7 00 0  0 . 0 6 0000 0 . 60 
1 . 1 1 3 3 3 3  0 . 7 7 9 3 3 3  0 . 1 9 48 3 3 0 . 0 60 00 0  0 . 7 0 
· ! 1 . 1 1 3 3 3 3  0 . 8 9 0 6 6 6  0 . 222 6 6 7  0 . 0 60000 0 . 80 
1 . 1 1 3 3 3 3  1 . 0 0 1 9 9 9  0 . 2 5 0500 0 . 0 60000 0 . 9 0 
1 . 1 1 3 3 3 3  1 . 1 13 3 3 3  0 . 2 7 83 3 3  0 . 0 60000 1 . 00 
0 . 9 5 42 8 6  0 . 09542 9  0 . 023 85 7  0 . 0 7 0000 0 . 1 0 
0 . 9 5 42 8 6  0 . 19085 7 0 . 047 7 14 0 . 0 7 0000 0 . 2 0 
0 . 9 5 42 8 6 0 . 2 8 6285 0 . 0 7 1 5 7 1 0 . 0 70000 0 .  3 0  
0 . 9 5 42 86 0 . 3 8 1 7 1 4  0 . 09 5 42 9  0 . 0 7 0000 0 . 40 
0 . 9 5 42 8 6  0 . 477 143 0 . 1 1 9 2 8 6  0 . 0 70000 0 . 5 0 
0 .  9 .5 42 8 6  0 . 5 7 2 5 7 1  0 . 143 143 0 . 0 7 0000 0 . 60 
0 . 9 5 42 8 6  0 . 6 68000 0 . 1 6 7000 0 . 0 7 0000 0 . 70 
0 . 9 5 42 8 6  0 . 7 63 42 8  0 . 19085 7 0 . 0 7 0000 0 . 80 
0 . 9 5 42 8 6  . 0 .  85885 7 0 . 2 1 47 1 4  0 . 0 7 0000 0 . 90 
0 . 9 5 42 8 6 0 . 9 5 42 8 6  0 . 2 3 85 7 1  0 . 0 7 0 000 1 . 0 0 
0 . 83 5 0 0 0  0 . 083 5 00 0 . 02 0 8 7 5  0 . 0 80000 0 . 1 0 
0 . 83 5 00 0  0 . 1 6 7 000 0 . 04 1 7 5 0  0 . 0 8 00 0 0  0 . 2 0 
0 . 8 3 5 000 0 . 2 5 0500 0 . 062 62 5 0 . 0 8 0 0 0 0  0 .  3 0  
0 . 83 5 000 0 . 3 3 4000 0 . 083 5 0 0  0 . 0 8 0000 0 . 40 
0 . 8 3 5 000 0 . 4 1 7 5 00 0 . 1 043 7 5  0 . 0 80000 0 . 5 0 
0 . 8 3 5000 0 . 5 0 1 000 0 . 1 2 5 2 5 0  0 . 080000 0 . 60 
0 . 83 5 000 0 . 5 845 0 0  0 . 1 4 6 1 2 5  0 . 0 80000 0 . 7 0 
0 . 83 5 00 0  0 . 6 68000 0 . 1 67 0 0 0  0 . 0 8 0 0 0 0  0 . 80 
0 . 8 3 5 0 00 0 . 7 5 1 5 0 0  0 . 1 8 7 8 7 5  0 . 0 8 0000 0 . 9 0 
0 . 8 3 5 000 0 . 8 3 5 00 0  0 . 2 0 8 7 5 0  0 . 0 8 0000 1 . 00 
0 . 7 42 2 2 2  0 . 074222 0 . 0 1 8 5 5 6 0 . 0 9 0 00 0  0 . 1 0 
0 . 742 2 2 2  0 . 1 48 444 0 . 03 7 1 1 1  0 . 0 9 0 0 0 0  0 . 2 0 
0 . 742 2 2 2  0 . 222 6 6 7  0 . 05 5 6 6 7  0 . 0 9 0 0 0 0  0 . 3 0 
0 . 742 2 2 2  0 . 2 9 68 8 9  0 . 0742 2 2  0 . 0 9 00 0 0  0 . 40 
0 . 742 2 2 2  0 . 3 7 1 1 1 1  0 . 092 7 7 8  0 . 0 9 0000 0 . 5 0 
161 
T ab l e  B . 1 ( c ontinued ) 
0 . 7 42 2 2 2  0 . 445 3 3 3  0 . 1 1 1 3 3 3  0 . 09 0000 0 . 60 
0 . 7 42 2 2 2  0 . 5 1 9 5 5 5  0 . 1 2 9 88 9  0 . 09 0000 0 . 7 0 
0 . 7 42 2 2 2  0 . 5 9 3 7 7 8  0 . 148444 0 . 0 90000 0 . 80 
0 . 7 42 2 2 2  0 . 6 68000 0 . 1 6 7 000 0 . 0 9 0000 0 . 90 
0 . 7 42 2 2 2  0 . 7 42 2 2 2  0 . 185 5 5 6  0 . 0 9 0000 1 . 00 
0 . 6 68000 0 . 0 6 6800 0 . 0 1 6700 0 . 1 00000 0 . 10 
0 . 6 68000 0 . 1 3 3 600 0 . 03 3 400 0 . 1 00000 0 . 2 0 
0 . 6 68000 0 . 200 400 0 . 050 100 0 . 1 00000 0 . 3 0 
0 . 6 68000 0 . 2 6 7200 0 . 066800 0 . 1 00000 0 . 40 
0 . 6 68000 0 . 3 3 4000 0 . 083 500 0 . 1 00000 0 . 50 
0 . 6 6 8000 0 . 400800 0 . 1002 00 0 . 1 00000 0 . 60 
0 . 6 68000 0 . 467 600 0 . 1 1 6900 0 . 1 00000 0 . 70 
0 . 6 68000 0 . 5 3 4400 0 . 1 3 3 600 0 . 1 00000 0 . 80 
0 .  6 68000 · 0 . 60 1200 0 . 1503 00 0 . 1 00000 0 . 90 
0 . 6 68000 0 . 6 68000 0 . 1 6 7000 0 . 1 00000 1 . 00 
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Figure B . l .  DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 30 ) .  
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T ab l e  B . 2  
AM= 0 . 002 0 9 0 0  LBF- SEC/FT2 ( STEADY FLOW ) 
V= 4 . 00 FT/SEC ( LUBR I CAT I NG O I L  SAE 1 0 ) 
T F c H SA 
! _LBF/FT2_ ! LBF __ J _LBF- SEC/FT_ ! __ FT FT2 
- -
1 . 672000 0 . 1 6 7200 0 . 041 800 0 . 0 1 0000 0 . 10 
1 . 672000 0 . 3 3 4400 0 . 083 600 0 . 0 1 0000 0 . 20 
1 . 672000 0 . 5 0 1 600 0 . 1 2 5 400 0 . 0 1 0000 0 .  3 0  
1 . 672000 0 . 668800 0 . 1 6 7 2 00 0 . 0 10000 0 . 40 
1 . 6 72000 0 . 8 3 6000 0 . 2 09 000 0 . 0 1 0000 0 .  5 0  
1 . 672000 1 . 003 2 00 0 . 2 50800 0 . 0 1 0000 0 . 60 
1 . 6 72000 1 . 1 7 0 400 0 . 2 92 600 0 . 0 1 0000 0 . 70 
1 . 672000 1 . 3 3 7 5 9 9  0 . 3 3 4400 0 . 0 1 0000 0 . 80 
1 . 672000 1 . 504799 0 . 3 7 6200 0 . 0 10000 0 . 9 0 
1 . 672000 1 . 672 000 0 . 418000 0 . 0 1 0000 1 . 00 
0 . 8 3 6000 0 . 083 600 0 . 02 0900 0 . 02 0 00 0  0 . 10 
0 . 8 3 6000 0 . 1 6 72 00 0 . 041800 0 . 020000 0 .  20 
0 . 8 3 6000 0 . 2 5 0800 0 . 0 62 700 0 . 0 2 0000 0 .  30  
0 . 83 6000 0 . 3 3 4400 0 . 083 600 0 . 0 2 00 00 0 . 40 
0 . 8 3 6000 0 . 4 1 8000 0 . 1 04500 0 . 0 2 0000 0 . 5 0 
0 . 8 3 6000 0 . 50 1 60 0  0 . 12 5 40 0  0 . 02 0000 0 . 60 
0 . 8 3 6000 0 . 5 8 5 2 0 0  0 . 1 46 3 0 0  0 . 02 0000 0 . 70 
0 . 8 3 6000 0 . 6 68800 0 . 167200 0 . 02 0000 0 . 80 
0 . 8 3 6000 0 . 7 5 2 3 9 9  0 . 188 100 0 . 02 0000 0 . 9 0 ! 
0 . 83 6000 0 . 8 3 6000 0 . 2 09000 0 . 02 0000 1 . 00 .! 
0 . 5 5 7 3 3 3  0 . 055 7 3 3  0 . 0 1 3 9 3 3  0 . 0 3 0000 0 . 10 
0 . 5 5 7 3 3 3  0 . 1 1 1467 0 . 02 7 8 6 7  0 . 0 3 0000 0 . 2 0 
0 . 5573 3 3  0 . 1 6 72 00 0 . 041800 0 . 0 3 0000 0 .  30 
0 . 5 5 7 3 3 3  0 . 2 2 2 9 3 3  0 . 0 5 5 7 3 3 0 . 0 3 0000 0 . 40 
. 0 .  5 5 7 3 3 3  0 . 2 7 8 6 6 6  0 . 0 6 9 6 6 7  0 . 03 0000 0 . 5 0 
0 . 5 5 7 3 3 3  0 . 3 3 4400 0 . 083 600 0 . 03 0000 0 . 60 
0 . 5 5 7 3 3 3  0 . 3 9 0 1 3 3  0 . 09 7 5 3 3  0 . 0 3 0000 0 . 7 0 
0 . 5 5 7 3 3 3  0 . 445 8 6 6  0 . 1 1 1467 0 . 0 3 0000 0 . 80 
0 . 5 5 7 3 3 3  0 . 5 0 1 600 0 . 125400 0 . 0 3 0000 0 . 9 0 
0 . 5 5 7 3 3 3  0 . 5 5 7 3 3 3  0 . 1 3 9 3 3 3  0 . 0 3 0000 1 . 00 
0 . 4 1 8000 0 . 041800 0 . 0 10450 0 . 040000 0 . 10 
0 . 41 8000 0 . 083 600 0 . 020900 0 . 040000 0 .  2 0  
0 . 4 1 8000 0 . 1 2 5 400 0 . 03 1 3 5 0 0 . 040000 0 .  3 0  
0 . 4 1 8000 0 . 1 67200 0 . 041 800 0 . 040000 0 . 40 
0 . 4 1 8000 0 . 2 09000 0 . 05 2 2 5 0  0 . 040000 0 .  5 0  
0 . 41 8000 0 . 2 5 0800 0 . 062 700 0 . 040000 0 . 6 0 
0 . 41 8000 0 . 2 9 2 600 0 . 073 150 0 . 040000 0 . 70 
0 . 41 8000 0 . 3 3 4400 0 . 083 600 0 . 040000 0 . 80 
0 . 41 8000 0 . 3 7 6200 0 . 094050 0 . 040000 0 . 9 0 
0 . 41 8000 0 . 4 1 8000 0 . 104500 0 . 040000 1 . 00 
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Tab l e  B . 2  ( continued ) 
0 .  3 3 4400 0 . 0 3 3 440 0 . 0083 6 0  0 . 050000 0 . 1 0 
0 . 3 3 4400 0 . 06 6880 0 . 0 1 6 7 2 0  0 . 050000 0 . 2 0 
0 . 3 3 4400 0 . 1003 2 0  0 . 02 5080 0 . 050000 0 .  3 0  
0 . 3 3 4400 0 . 1 3 3 760 0 . 0 3 3 440 0 . 050000 0 . 40 
0 . 3 3 4400 0 . 1 67200 0 . 0 4 1 80 0  0 . 050000 0 . 50 
0 . 3 3 4400 0 . 2 00640 0 . 050 1 60 0 . 050000 0 . 60 
0 . 3 3 4400 0 . 2 3 4080 0 . 05852 0 0 . 050000 0 . 70 
0 . 3 3 4400 0 . 2 6 7 520 0 . 0 6 6880 0 . 050000 0 . 80 
0 . 3 3 4400 0 . 3 009 60 0 . 07 5 2 40 0 . 050000 0 . 90 
0 . 3 3 4400 0 . 3 3 4400 0 . 083 600 0 . 050000 1 . 00 
0 . 2 7 8 6 6 7  0 . 02 78 6 7  0 . 0069 6 7  0 . 060000 0 . 10 
0 . 2 7 8 6 6 7  0 . 0557 3 3  0 . 0 1 3 9 3 3  0 . 060000 0 . 2 0 
0 . 2 7 8 6 6 7  0 . 083 600 0 . 02 0 9 0 0  0 . 060000 0 . 3 0 
0 . 2 7 8 6 6 7  0 . 1 1 1 46 7  0 . 02 7 8 6 7  0 . 060000 0 . 40 
0 . 2 7 8 6 6 7  0 . 13 9 3 3 3  0 . 0 3 48 3 3 0 . 060000 0 . 5 0 
0 . 2 7 8 6 6 7  0 . 1 6 7 2 00 0 . 041800 0 . 0 60000 0 . 60 
0 . 2 7 8 6 6 7  0 . 195067 0 . 0 48 7 6 7  0 . 0 6 0000 0 . 7 0 
0 . 2 7 8 6 6 7  0 . 2 2 2 9 3 3 0 . 05 5 7 3 3 0 . 0 6 0000 0 . 80 
0 . 2 78 6 6 7  0 . 2 5 0800 0 . 0 6 2 7 0 0  0 . 060000 0 . 90 
0 . 2 7 8 6 6 7  0 . 2 7 8 6 6 6  0 . 0 6 9 6 6 7  0 . 060000 1 . 00 
0 . 2 3 88 5 7  0 . 02 3 88 6  0 . 00 5 9 7 1  0 . 070000 0 . 10 
0 . 2 3 8 8 5 7  0 . 047 7 7 1 0 . 0 1 1 9 43 0 . 070000 0 . 20 
0 . 2 3 88 5 7  0 . 07 1 6 5 7  0 . 0 1 7 9 1 4  0 . 0 7 0000 0 . 3 0 
0 . 2 3 8 8 5 7  0 . 095543 0 . 02 3 8 8 6  0 . 0 7 0000 0 . 40 
0 . 2 3 885 7 0 . 1 19 42 9  0 . 02 9 8 5 7  0 . 070000 0 . 5 0 
0 . 2 3 88 5 7  0 . 1 43 3 1 4 0 . 0 3 5 82 9  0 . 0 7 0000 0 . 60 
0 . 2 3 88 5 7  0 . 1 6 7 2 0 0  0 . 041800 0 . 0 7 0000 0 . 70 
0 . 2 3 885 7 0 . 19 1086 0 . 047 7 7 1 0 . 0 7 0000 0 . 80 
0 . 2 3 88 5 7  0 . 2 1 49 7 1  0 . 053 7 43 0 . 070000 0 . 90 
0 . 2 3 8 8 5 7 0 . 2 3 8 85 7 0 . 05 9 7 1 4  0 . 070000 1 . 00 
0 . 2 0 9 000 0 . 020900 ' 0 . 005 2 2 5  0 . 0800 0 0  0 . 1 0 
0 . 2 0 9 0 00 0 . 041800 0 . 0 1 0450 0 . 080000 0 . 2 0 
0 . 2 09 0 0 0  0 . 062 7 00 0 . 0 1 5 6 7 5  0 . 0 8 0 0 0 0  0 . 3 0 
0 . 2 0 9 0 00 0 . 083 600 0 . 02 0900 0 . 080000 0 . 40 
0 . 2 09000 0 . 104500 0 . 02 6 12 5 0 . 080000 0 . 5 0 
0 . 2 0 9000 0 . 1 2 5 400 0 . 03 1 3 5 0  0 . 080000 0 . 60 
0 . 2 0 9 00 0  0 . 146 3 00 0 . 03 65 7 5  0 . 080000 0 . 7 0 
0 . 2 0 9 00 0  0 . 1 6 7 2 0 0  0 . 0 4 1 80 0  0 . 0 8 0 0 0 0  0 . 80 
0 . 2 0 9 00 0  0 . 188 100 0 . 04702 5 0 . 0 8 0 0 0 0  0 . 9 0 
0 . 2 09 00 0  0 . 209000 0 . 05 2 2 5 0  0 . 080000 1 . 00 
0 . 1 8 5 7 7 8  0 . 0 1 8 5 7 8  0 . 004644 0 . 0 9 0 0 0 0  0 . 1 0 
0 . 1 8 5 7 7 8  0 . 03 7 1 5 6  0 . 0 0 9 2 8 9  0 . 09 0 00 0  0 . 2 0 
0 . 1 8 5 7 7 8  0 . 0 5 5 7 3 3  0 . 0 1 3 9 3 3  0 . 09 0 0 0 0  0 . 3 0 
0 . 1 8 5 7 7 8  0 . 0743 1 1  0 . 0 1 8 5 7 8  0 . 0 9 0 0 0 0  0 . 40 
0 . 1 8 5 7 7 8  0 . 092 889 0 . 02 3 2 2 2  0 . 09 0 0 0 0  0 . 5 0 
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T ab l e  B . 2  ( c ont inued ) 
0 . 1 8 5 7 7 8  0 . 1 1 1467 0 . 02 7 8 6 7  0 . 0 9 0 000 0 . 60 
0 . 1 8 5 7 7 8  0 . 130044 0 . 03 2 5 1 1  0 . 0 9 0 000 0 . 7 0 
0 . 1 8 5 7 7 8  0 . 148622 0 . 03 7 1 5 6  0 . 0 9 0000 0 . 80 
0 . 1 85 7 7 8  0 . 1 67200 0 . 0 4 1 800 0 . 09 0000 0 . 9 0 
0 . 1 85 7 7 8  0 . 1 8 5 7 7 8  0 . 0 4 6 444 0 . 0 9 0000 1 . 00 
0 . 1 67 2 00 0 . 01 6720 0 . 004 1 8 0  0 . 1 00000 0 . 1 0 
0 . 1 67 2 00 0 . 03 3 440 0 . 008 3 60 0 . 100000 0 . 2 0 
0 . 1 6 72 00 0 . 050 160 0 . 0 1 2 5 40 0 . 100000 0 .  3 0  
0 . 1 67 2 00 0 . 066880 0 . 0 1 67 2 0  0 . 100000 0 . 40 
0 . 1 67 2 00 0 . 083 600 0 . 02 0900 0 . 1 00000 0 . 50 
0 . 1 67 2 00 0 . 1003 2 0  0 . 02 5 080 0 . 1 00000 0 . 60 
0 . 1 6 72 00 0 . 1 1 7040 0 . 02 9 2 6 0  0 . 1 00000 0 . 70 
0 . 1 6 72 00 0 . 1 3 3 7 60 0 . 03 3 440 0 . 1 00000 0 . 80 
0 . 1 6 72 00 0 . 15 0480 0 . 03 7 62 0  0 . 1 0"0000 0 . 90 
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Figure B .  2 .  DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 10 ) . 
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Tab l e  B . 3 
AM= 0 . 0000200 LBF- SEC/FT2 ( STEADY FLOW ) 
V= 4 . 00 FT/SEC ( WATER ) 
T F c H SA 
!
_
LBF/FT2_ ! LBF ! LBF- SEC/FT ! FT FT2 -- - - -- - -
0 . 0 1 6000 0 . 00 1 600 0 . 000400 0 . 0 10000 0 . 1 0 
0 . 0 1 6000 0 . 003 200 0 . 000800 0 . 0 1 0000 0 . 2 0 
0 . 0 1 6000 0 . 004800 0 . 00 12 00 0 . 0 1 0000 0 .  30 
0 . 0 1 6000 0 . 006400 0 . 00 1 600 0 . 0 1 0000 0 . 40 
0 . 0 1 6000 0 . 008000 0 . 002 0 00 0 . 0 1 0000 0 . 50 
0 . 0 1 6000 0 . 009 600 0 . 002 400 0 . 0 1 0000 0 . 60 
0 . 0 1 6000 0 . 0 1 1 2 00 0 . 0 02 800 0 . 0 10000 0 . 7 0 
0 . 0 1 6000 0 . 0 1 2 800 0 . 003 2 00 0 . 0 10000 0 . 80 
0 . 0 1 6000 0 . 0 1 4400 0 . 003 600 0 . 0 1 0000 0 . 90 
0 . 0 1 6000 0 . 0 1 6000 0 . 004000 0 . 0 1 0000 1 . 00 
0 . 008000 0 . 000800 0 . 0002 00 0 . 0 2 0 00 0  0 . 1 0 
0 . 008000 0 . 00 1 60 0  0 . 000400 0 . 02 0000 0 . 2 0 
0 . 008000 0 . 002 400 0 . 000600 0 . 02 0000 0 . 3 0 
0 . 008000 0 . 003 2 0 0  0 . 000800 0 . 02 0 000 0 . 40 
0 . 008000 0 . 004000 0 . 0 0 1 00 0  0 . 0 2 0000 0 . 50 
0 . 008000 0 . 004800 0 . 00 1200 0 . 02 0000 0 . 60 
0 . 008000 0 . 005600 0 . 00 1 400 0 . 0 2 0000 0 . 7 0 
0 . 0 08000 0 . 00 6400 0 . 00 1 600 0 . 02 0000 0 . 8 0 
0 . 0 08000 0 . 007200 0 . 0 0 1 800 0 . 02 0000 0 . 9 0 
0 . 008000 0 . 008000 0 . 002 000 0 . 02 0000 1 . 00 
0 . 005 3 3 3  0 . 0005 3 3  0 . 000 1 3 3 0 . 0 3 0000 0 . 1 0 
0 . 0 05 3 3 3  0 . 0 0 1 0 6 7  0 . 0002 6 7  0 . 0 3 0000 0 . 2 0 
0 . 0053 3 3  0 . 00 1 600 0 . 000400 0 . 0 3 0000 0 . 3 0 
0 . 0053 3 3  0 . 002 1 3 3  0 . 000 5 3 3 0 . 03 0000 0 . 40 
0 . 0053 3 3  0 . 002 6 6 7  0 . 000 6 6 7  0 . 03 0000 0 . 5 0 
0 . 005 3 3 3  0 . 003 2 00 0 . 000800 0 . 0 3 0000 0 . 6 0 
0 . 00 5 3 3 3  0 . 003 73 3 0 . 0009 3 3  0 . 0 3 0000 0 . 7 0 
0 . 0053 3 3  0 . 0042 67 0 . 0 0 1 0 6 7  0 . 03 0000 0 . 80 
0 . 0053 3 3  0 . 004800 0 . 0 0 1 2 0 0  0 . 03 0000 0 . 90 
0 . 0053 3 3  0 . 0053 3 3  0 . 00 1 3 3 3  0 . 0 3 0000 1 . 00 
0 . 004000 0 . 000400 0 . 000 1 00 0 . 0 40000 0 . 1 0 
0 . 004000 0 . 000800 0 . 000200 0 . 0 40000 0 . 2 0 
0 . 004000 0 . 00 1200 0 . 000300 0 . 0 40000 0 . 3 0 
0 . 004000 0 . 0 0 1 600 0 . 000400 0 . 040000 0 . 40 
0 . 004000 0 . 002 000 0 . 000500 0 . 040000 0 . 5 0 
0 . 004000 0 . 002400 0 . 000 600 0 . 0 40000 0 . 60 
0 . 004000 0 . 002 800 0 . 000 700 0 . 040000 0 . 7 0 
0 . 004000 0 . 003 200 0 . 000800 0 . 0 40000 0 . 8 0 
0 . 004000 0 . 003 600 0 . 000900 0 . 040000 0 . 9 0 
0 . 004000 0 . 004000 0 . 00 1000 0 . 040000 1 . 00 
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Tab l e  B . 3  ( c ontinued ) 
0 . 0 03 2 00 0 . 0003 2 0  0 . 00008 0 0 . 05 0000 0 . 10 
0 . 003 2 00 0 . 000640 0 . 000 1 6 0  0 . 0 5 0000 0 . 2 0 
0 . 003 2 00 0 . 000960 0 . 0002 40 0 . 05 0000 0 .  3 0  
0 . 003 2 00 0 . 0 0 1 2 8 0  0 . 0003 2 0  0 . 050000 0 . 40 
0 . 0 03 2 00 0 . 0 0 1 600 0 . 000400 0 . 050000 0 . 50 
0 . 003 2 00 0 . 0 0 1 9 2 0  0 . 000480 0 . 050000 0 . 60 
0 . 003 2 00 0 . 0 02 2 40 0 . 0005 6 0  0 . 0 5 0000 0 . 70 
0 . 0 03 2 00 0 . 002 5 6 0  0 . 000640 0 . 0 5 00 0 0  0 . 80 
0 . 003 2 00 0 . 002 880 0 . 00072 0 0 . 0 5 0000 0 . 90 
0 . 003 2 00 0 . 003 2 00 0 . 000800 0 . 05 0000 1 . 00 
0 . 002 6 6 7  0 . 0002 6 7  0 . 0000 6 7  0 . 0 60000 0 . 10 
0 . 002 6 6 7  0 . 0005 3 3  0 . 000 1 3 3 0 . 0 60000 0 . 2 0 
0 . 0 02 6 6 7  0 . 000800 0 . 0002 0 0  0 . 0 60000 0 . 3 0 
0 . 002 6 6 7  0 . 0 0 1 0 6 7  0 . 0002 6 7  0 . 060000 0 . 40 
0 . 0 02 6 6 7  0 . 00 13 3 3  0 . 0003 3 3  0 . 060000 0 . 5 0 
0 . 0 02 6 6 7  0 . 0 0 1 600 0 . 0 00 40 0  0 . 0 60000 0 . 60 
0 . 002 6 6 7  0 . 0 0 1 8 6 7  0 . 0 00467 0 . 0 6 0000 0 . 7 0 
0 . 002 6 6 7  0 . 002 1 3 3  0 . 0005 3 3  0 . 0 6 0000 0 . 80 
0 . 002 6 6 7  0 . 002 400 0 . 000600 0 . 06 0000 0 . 90 
0 . 002 6 6 7  0 . 002 6 6 7  0 . 000 6 6 7  0 . 060000 1 . 00 
0 . 0 02 2 8 6  0 . 0002 2 9  0 . 0000 5 7 0 . 0 70000 0 . 1 0 
0 . 0 02 2 8 6  0 . 00045 7 0 . 0 00 1 1 4  0 . 0 70000 0 . 2 0 
0 . 0 02 2 8 6  0 . 000686 0 . 0 00 1 7 1 0 . 0 7 0000 0 . 3 0 
0 . 0 02 2 8 6  0 . 0009 1 4  0 . 0002 2 9  0 . 0 7 0000 0 . 40 
0 . 0022 8 6  0 . 00 1 143 0 . 0002 8 6  0 . 070000 0 . 5 0 
0 . 002 2 8 6  0 . 00 1 3 7 1  0 . 0003 43 0 . 07 0000 0 . 60 
0 . 002 2 8 6  0 . 00 1 600 0 . 000400 0 . 0 7 0000 0 . 7 0 
0 . 0 02 2 8 6  0 . 00 1 8 2 9  0 . 00045 7 0 . 0 7 0000 0 . 8 0 
0 . 0 02 2 8 6  0 . 002 05 7  0 . 0005 1 4  0 . 0 7 0000 0 . 9 0 
0 . 002 2 8 6  0 . 002 2 8 6  0 . 0005 7 1  0 . 070000 1 . 00 
0 . 002 000 0 . 0002 0 0  0 . 00005 0 0 . 0 80000 0 . 1 0 
0 . 002 000 0 . 00040 0  0 . 0 0 0 1 0 0  0 . 0 80000 0 . 2 0 
0 . 002 000 0 . 000600 0 . 000 1 5 0  0 . 0 8 0000 0 . 3 0 
0 . 002000 0 . 000800 0 . 0002 0 0  0 . 080000 0 . 40 
0 . 002 000 0 . 00 1000 0 . 0002 5 0  0 . 080000 0 . 5 0 
0 . 002 000 0 . 00 1 2 00 0 . 0003 00 0 . 080000 0 . 6 0 
0 . 002 000 0 . 00 140 0  0 . 000 3 5 0  0 . 080000 0 . 7 0 
0 . 002 000 0 . 00 1 60 0  0 . 000400 0 . 080000 0 . 8 0 
0 . 002 000 0 . 00 1 80 0  0 . 0 0045 0 0 . 0 8 00 0 0  '0 . 9 0 
0 . 002 000 0 . 002 000 0 . 000500 0 . 0 8 00 0 0  1 . 00 
0 . 0 0 1 7 7 8  0 . 000 1 7 8  0 . 0 00044 0 . 0 9 0000 0 . 1 0 
0 . 0 0 1 7 7 8 0 . 0003 5 6  0 . 000089 0 . 0 9 0000 0 . 2 0 
0 . 0 0 1 7 7 8  0 . 0005 3 3  0 . 000 1 3 3  0 . 09 0000 0 . 3 0 
0 . 0 0 1 7 7 9  0 . 0007 1 1  0 . 00 0 1 7 8  0 . 0 9 0 0 0 0  0 . 40 
0 . 0 0 1 7 7 8  0 . 000889 0 . 0002 2 2  0 . 090000 0 . 5 0 
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T ab l e  B . 3  ( c ontinued ) \ 
0 . 001 7 7 8  0 . 00 1067 0 . 0002 6 7  0 . 0 90000 0 . 60 
0 . 00 1 7 7 8  0 . 00 1 2 44 0 . 0003 1 1  0 . 090000 0 . 7 0 
0 . 00 1 7 78 0 . 00 1422 0 . 0003 5 6  0 . 090000 0 . 80 
0 . 00 1 7 7 8  0 . 00 1 600 0 . 000400 0 . 09 0000 0 . 9 0 
0 . 00 1 7 7 8  0 . 001778 0 . 000444 0 . 090000 1 . 00 
0 . 0 0 1 600 0 . 000 1 60 0 . 000040 0 . 100000 0 . 1 0 
0 . 001 600 0 . 00032 0  0 . 000080 0 . 100000 0 . 2 0 
0 . 0 0 1 600 0 . 000480 0 . 000 1 2 0  0 . 1 00000 0 . 3 0 
0 . 0 0 1 600 0 . 000640 0 . 000 1 60 0 . 1 00000 0 . 40 
0 . 0 0 1 600 0 . 000800 0 . 0002 0 0  0 . 1 00000 0 . 50 
0 . 001 600 0 . 0009 60 0 . 0002 40 0 . 1 00000 0 . 60 
0 . 00 1 600 0 . 00 1 12 0  0 . 0002 80 0 . 1 00000 0 . 70 
0 . 00 1 600 0 . 00 12 80 0 . 00032 0  0 . 1 00000 0 . 80 
0 . 001 600 0 . 00 1 440 0 . 000 3 60 0 . 100000 0 . 9 0 
0 . 0 0 1 600 0 . 00 1 600 0 . 00040 0  0 . 1 00000 1 . 00 
APPENDIX C 
THE UNSTEADY FLOW CASE 
ONE END OF THE DAMPER IS FIXED 
TABLES & PLOTS 
17 0 
Tab l e  C . l 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 000 FT2 /SEC ( GLYCER INE )  
W=1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T2 H 
! _LBF/FT2_. _ !  
F2 ! crc"' ! 
LBF __ ! _LBF- S C/FT_ ! __ FT 
1 6 . 000000 3 . 2 00002 0 . 80000 1 0 . 0 1 00 00 
7 . 9 9 9 93 4 1 . 5 9 9 98 6  0 . 3 9 9 9 9 7  0 . 02 0 000 
5 . 3 3 3 06 9  1 . 0 6 6 6 13 0 . 2 66 6 5 3  0 . 0 3 0000 
3 . 9 9 9 3 72 0 . 7 9 9 8 7 4  0 . 1 9 9 9 69 0 . 0 40000 
3 . 1 9 8 7 69 0 . 6 3 9 7 5 4  0 . 1 5 9 9 3 8  0 . 0 5 0000 
2 . 6 6 45 40 0 . 5 3 2 9 08 0 . 1 3 3 2 2 7  0 . 0 60 000 
2 . 2 82 3 44 0 . 45 6469 0 . 1 1 4 1 1 7  0 . 0 7 "0 000 
1 . 9 9 49 7 4  0 . 3 9 89 9 5  0 . 099 749 0 . 080000 
1 . 7 70 6 3 8 0 . 3 5 412 7 0 . 0 88 5 3 2  0 . 0 9 0000 
1 . 5 9 02 3 3  0 . 3 1 8047 0 . 0 79 5 12 0 . 1 0 00 00 
1 6 . 000000 6 . 400002 1 . 600000 0 . 0 1 0000 
. 7 .  9 9 9 9 3 4  3 . 1 9 9 9 7 3  0 . 7 9 9 9 9 3  0 . 02 0000 
5 . 3 3 3 0 69 2 . 1 3 3 2 2 7  0 . 5 3 3 3 0 7  0 . 0 3 0000 
3 . 9 9 9 3 72 1 . 5 9 9 7 49 0 . 3 99 9 3 7  0 . 040000 
3 . 1 9 8 7 69 1 . 2 7 9 507 0 . 3 1 9 8 7 7  0 . 0 5 0000 
2 . 664540 1 . 0 6 5 8 1 6  0 . 2 6 6454 0 . 060000 
2 . 2 82 3 44 0 . 9 12 9 3 8  0 . 2 2 82 3 4  0 . 0 7 00 00 
1
"
. 9 9 49 7 4  0 . 7 9 7 9 9 0  0 . 1 9 9 49 7  0 . 080000 
1 . 7 7 0 63 8  0 . 7 08255 0 . 1 7 7 0 6 4  0 . 090000 
1 . 5 9 0 2 3 3  0 . 63 6093 0 . 1 5 9023 0 . 1 00000 
1 6 . 000000 9 . 600006 2 . 400002 0 . 0 1 0000 
7 . 9 9 9 9 3 4  4 . 7 9 9 9 5 7  1 . 1 9 9 9 8 9  0 . 0 2 0000 
5 . 3 3 3 0 69 3 . 1 9 9 8 41 0 . 7 9 9 9 6 0  0 . 0 3 0000 
3 . 9 9 9 3 72 2 . 3 9 9 62 3  0 . 5 9 9 9 0 6  0 . 040000 
3 . 1 9 8 7 69 1 . 9 1 9 2 6 1  0 . 47 9 8 1 5  0 . 0 5 00 00 
2 . 6 6 4540 1 . 5 9 8 7 2 3  0 . 3 9 9 68 1  0 . 0 60000 
2 . 2 82 3 44 1 . 3 69 406 0 .  3 42 3 5 2 0 . 0 7 0000 
1 . 9 9 49 7 4 1 . 1 9 6984 0 . 2 9 92 46 0 . 0 80000 
1 . 7 7 063 8 1 . 0 62 3 82 0 . 2 6 5 5 9 6  0 . 0 9 0 0 0 0  
1 . 5902 3 3  0 . 9 5 4 1 40 0 . 2 3 8 5 3 5  0 . 1 00 0 00 
1 6 . 000000 12 . 8 00003 3 . 2 00001 0 . 0 1 0000 
7 . 9 9 9 9 3 4 6 . 3 9 9 9 40 1 . 5 9 9 9 8 5  0 . 0 2 0000 
5 . 3 3 3 0 69 4 . 2 6 6453 1 . 0 6 6 6 1 3  0 . 0 3 0000 
3 . 9 9 9 3 72 3 . 1 9 9 495 0 . 7 9 9 8 7 4  0 . 0 40000 
3 . 1 9 8 7 6 9 2 . 5 5 9 0 1 3  0 . 63 9 7 5 4  0 . 0 5 0000 
2 . 6 6 4540 2 . 1 3 1 63 1  0 . 5 3 2 9 0 8  0 . 0 6 0000 
2 . 2 82 3 44 1 . 82 5 8 74 0 . 45 6 4 6 9  0 . 0 7 0000 




0 . 2 0 
0 .  2 0  
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 ' 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 ' 
0 . 6 0 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
0 . 6 0 
0 . 60 
0 . 6 0 
! . 0 . 60 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 8 0 
0 . 80 
0 . 80 
0 . 80 
Table C . l ( c onti nued ) 
1 . 7 7 0 6 3 8  1 . 41 6509 
1 . 5 9 02 3 3  1 . 2 7 2 1 85 
1 6 . 000000 
7 . 9 9 9 9 3 4  
5 . 3 3 3 06 9  
3 . 9 9 9 3 7 2  
3 . 1 9 87 69 
.2 . 6 645 40 
2 . 2 82 3 44 
1 . 9 94 9 7 4  
1 . 7 7 0 6 3 8 
1 . 5 9 02 3 3  
1 6 . 000000 
7 . 9 99 9 3 1 
5 . 3 3 3 06 9  
3 . 9 9 9 3 72 
3 . 198769 
2 . 6 64540 
2 . 2 82 3 44 
1 . 994974 
1 . 7 7 0 63 8 
1 . 5 9 02 3 3  
0 . 3 54 1 2 7  
0 . 3 18046 
4 . 000003 
1 . 9 9 9 98 3  
1 . 3 3 3 2 67 
0 . 9 99 8 43 
0 . 7 99 6 9 2  
0 . 6 6 6 1 3 5 
0 . 5 7 058 6 
0 . 49 8 7 44 
0 . 442 659 
0 . 3 9 7 5 58 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5000 FT2/SEC ( GLYCER INE ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
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0 . 0 9 0000 0 . 80 
0 . 1 00000 0 . 80 
0 . 0 1 0000 
0 . 02 0000 
0 . 0 3 0000 
0 . 040000 
0 . 0 50000 
0 . 0 60000 
0 . 0 70000 
0 . 080000 
0 . 090000 
0 . 1 00000 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
T2 F2 C2 H SA 
! _. LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _  FT2_ 
15 . 9 9 9 82 4 3 . 1 9 9 9 65 0 . . 7 9 9 9 9 1 0 . 0 1 0000 0 . 2 0 
7 . 9 9 802 8 1 . 5 9 9 605 0 . 3 9 9 9 0 1  0 . 02 0000 0 . 2 0 
5 . 3 2 6 6 9 4  1 . 0 65 3 3 8  0 . 2 66 3 3 5  0 . 0 3 0000 0 . 2 0 
3 . 9 8 43 2 4  0 . 7 9 6865 0 . 1 9 9 2 1 6  0 . 0 40000 0 . 2 0 
3 . 1 69 6 1 7  0 . 6 3 3 9 23 0 . 1 5 8 48 1  0 . 05 0000 ' 0 . 2 0 
2 . 6 1 48 7 7  0 . 522 9 7 5 0 . 1 3 0 7 44 0 . 0 6 0000 0 . 2 0 
2 . 2 0 5 2 6 7  0 . 441053 0 . 1 1 02 6 3  0 . 0 7 0000 0 . 2 0 
1 . 88 3 7 7 1  0 . 3 7 6 7 5 4  0 . 09 4 1 8 9  0 . 080000 0 . 2 0 
1 . 6 1 9 60 4  0 . 3 2 3 92 1  0 . 080980 0 . 0 9 0000 0 . 2 0 
1 . 3 9 5 48 7  0 . 2 79097 r 0 . 0 6 9 7 7 4  o . 1 ooooo 0 . 2 0 
1 5 . 9 9 9 8 2 4  
7 . 998028 
5 . 3 2 6 6 9 4  
3 . 9 8 43 2 4  
3 . 1 6 9 6 1 7  
2 . 6 1 48 7 7  
2 . 2052 6 7  
1 . 883 7 7 1  
1 . 6 1 9 604 
1 . 3 9 5 48 7  
1 5 . 9 9 9 8 2 4  
7 . 99802 8 
5 . 3 2 6 6 9 4  
3 . 9843 2 4  
3 . 1 6 9 6 1 7  
6 . 3 99929 
3 . 1 992 1 1  
2 . 1 3 0677 
! . 1 . 5 9 3 7 2 9  
1 . 2 6 7 846 
1 . 045 9 5 1  
0 . 882 107 
0 . 7 5 3 5 09 
0 . 647842 
0 . 5 5 8 1 9 5  
9 . 599892 
4 . 7 9 88 1 7  
3 . 1 9 6 0 1 5  
2 . 3 9 0 5 9 4  
1 . 9 0 1 7 7 0  
1 . 5 9 9 982 
0 . 7 9 9 80 3  
0 . 5 3 2 6 6 9  
0 . 3 98432 
0 . 3 1 6 9 62 
0 . 2 6 1 488 
0 . 2 2 0 5 2 7  
0 . 1 8 8 3 7 7  
0 . 1 6 1 9 60 
0 . 1 3 9 5 49 
2 . 3 9 9 9 7 3  
1 . 199 704 
0 . 7 9 9 00 4  
0 . 597 649 
0 . 475 443 
0 . 0 1 0000 
0 . 0 2 0 000 
0 . 0 3 0000 
0 . 0 40000 
! 0 . 0 5 0000 
! ' 0 . 0 6 0 000 
0 . 0 70000 
0 . 08 0000 
0 . 0 9 0 000 
0 . 1 00000 
0 . 0 1 0 000 
0 . 02 0000 
0 . 0 3 0000 
0 . 0 40000 
0 . 0 5 0000 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 6 0 
Tab l e  C . 1 ( c ontinued ) 
2 . 6 1 48 7 7 
2 . 2 05 2 6 7  
1 . 883 7 7 1  
1 . 6 19 60 4  
1 . 3 9 5487 
1 5 . 9 9 9 82 4  
7 . 9 9 802 8 
5 . 3 2 6 6 9 4  
3 . 9 8 43 2 4  
3 . 1 69 6 1 7  
2 . 6 1 48 7 7  
2 . 2 0 5 2 6 7  
1 . 883 7 7 1  
1 . 6 1 9 604 
1 . 3 9 5 48 7  
1 5 . 9 9 9 8 2 4 
7 . 9 9 802 8 
5 .. 3 2 6 6 9 4  
" 3 . 9 8 43 2 4  
3 . 1 69 6 1 7  
2 . 6 1 48 7 7  
2 . 2 052 6 7  
1 . 883 7 7 1  
1 . 6 1 9 60 4  
1 . 3 9 5487 
1 . 5 6 892 6 
1 . 3 2 3 1 6 0  
1 . 1 3 0 2 62 
0 . 9 7 1 7 63 
0 . 8 3 7 2 92 
1 2 . 7 9 9 847 
6 . 3 9841 5 
4 . 2 6 1 3 49 
3 . 1 8 7 45 6  
2 . 5 3 5 6 9 1  
2 . 0 9 1 900 
1 . 7 642 1 3  
1 . 5 0 7 0 1 5  
1 . 2 9 5 682 
1 . 1 1 6 3 8 8  
1 5 . 9 9 9 82 1 
7 . 9 9802 8 
5 . 3 2 6 69 1 
3 . 9 8 43 2 4  
3 . 1 6 9 6 1 7  
2 . 6 1 487 7  
2 . 2 05 2 6 7  
1 . 883 7 7 1  
1 . 6 19 60 4  
1 . 3 9 5 48 7  
0 . 3 9 2 2 3 2  
0 . 3 3 0 7 9 0  
0 . 2 82 5 66 
0 .  242 94 1  
0 . 2 09 3 2 3  
3 . 199 9 62 
1 . 5 9 9 6 04 
1 . 065 3 3 7  
0 . 7 9 6 8 64 
0 . 6 3 3 92 3  
0 . 5229 7 5  
0 . 441 0 5 3  
0 . 3 7 67 5 4  
0 . 3 2 3 92 1 
0 . 2 7 9 0 9 7  
3 . 9 9 9 9 5 5  
1 . 9 9 9 5 0 7  
· 1 . 3 3 1 6 7 3  
0 . 9 9 60 8 1  
0 . 7 9 2 40 4  
0 . 6 5 3 7 1 9  
0 . 5 5 1 3 1 7  
0 . 470943 
0 . 4049 0 1  
0 . 3 48872 
AM=0 . 040000 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 09 5 000 FT2/SEC ( GLYCER I NE ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 6 0000 
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0 0 00 
0 . 1 00000 
0 . 0 10000 
0 . 02 0000 
0 . 03 0000 
0 . 0 40 00 0  
0 . 0 5 0 0 00 
0 . 0 60 0 00 
0 . 0 7 00 0 0  
0 . 080000 
0 . 090000 
0 . 1 00000 
0 . 0 1 00 0 0  
0 . 020000 
0 . 03 0000 
0 . 040000 
0 . 050000 
0 . 0 60000 
0 . 0 7 0000 
0 . 080000 
0 . 090000 
0 . 1 00000 
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0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 80 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 0 0 
1 . 00 
1 . 00 
1 . 00 
1 .. 00 
1 . 00 
1 . 00 
1 . 00 
T2 F2 C2 H SA 
! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _ FT2_ 
1 5 . 9 9 9 2 1 0  3 . 199841 0 . 7 9 9 9 60 0 . 0 1 00 0 0  0 . 2 0 
7 . 9 9 3 62 4  1 . 5 98 7 2 4  0 . 3 9 9 6 8 1  0 . 0 2 0 0 0 0  0 . 2 0 
5 . 3 1 1 9 1 1  1 . 0 62 3 82 0 . 2 6 5 5 9 5  0 . 0 3 0000 0 . 2 0 
3 . 949808 0 . 7 89 9 62 0 . 1 9 7 490 0 . 040000 0 . 2 0 
3 . 1 043 0 3  0 . 62 0 8 6 1  0 . 1 5 5 2 1 5  0 . 0 5 00 0 0  0 . 2 0 
2 . 5 0 8 103 0 . 5 0 1 62 1 0 . 12 5405 0 . 0 60000 0 . 2 0 
2 . 049 7 0 4  0 . 409941 0 . 1 02 48 5  0 . 0 7 0000 0 . 2 0 
1 . 6 7 8092 0 . 3 3 5 6 1 8  0 . 083 9 0 5  0 . 080000 0 . 2 0 
1 . 3 6 948 3  0 . 2 7 3 89 6  0 . 0 68474 0 . 090000 0 . 2 0 
1 . 1 12 2 5 7  0 . 222 45 1 0 . 05 5 6 1 3 0 . 1 00000 0 . 2 0 
1 5 . 9 9 92 1 0  6 . 3 9 9 68 1  1 . 5 9 9 9 2 0  
7 . 9 9 3 62 4  3 . 1 9 7 449 0 . 7 9 9 3 62 
0 . 0 1 0000 
0 . 020000 
0 . 40 
0 . 40 
174 
Tab l e  C . 1 ( c onti nued ) 
5 . 3 1 1 9 1 1  2 . 1 2 47 6 3  0 . 5 3 1 1 9 1  0 . 0 3 0000 0 . 40 
3 . 9 49 8 0 8  1 . 5 7 9 9 2 3  0 . 3 9 49 8 1 0 . 040000 0 . 40 
3 . 1 0 43 03 1 . 2 41 72 1 0 . 3 1043 0 0 . 0 5 0000 0 . 40 
2 . 5 0 8 1 03 1 . 0 03 2 42 0 . 2 5 0 8 1 0  0 . 0 60 0 00 0 . 40 
2 . 0 49 7 04 0 . 8 19882 0 . 2 049 70 0 . 0 7 0000 0 . 40 
1 . 6 78 0 9 2  0 . 6 7 12 3 7  0 . 1 67809 0 . 0 80000 0 . 40 
1 . 3 69 48 3  0 . 5 4 7 7 9 3  0 . 1 3 6948 0 . 0 9 0000 0 . 40 
1 . 1 12 2 5 7  0 . 444903 0 . 1 1 122 6 0 . 1 00000 0 . 40 
1 5 . 9 9 92 1 0  9 . 5 9 9 5 1 8  2 . 3 9 9 8 7 9  0 . 0 1 0 00 0  0 . 60 
7 . 9 9 3 6 2 4  4 . 7 9 6 1 69 1 . 19 9042 0 . 0 2 0 0 00 0 . 60 
5 . 3 1 1 9 1 1  3 . 1 8 7 144 0 . 7 9 67 8 6  0 . 0 3 0000 0 . 60 
3 . 9 49 80 8  2 . 3 69 88 4  0 . 5 9 2 47 1  0 . 040000 0 . 60 
3 . 1 043 03 1 . 8 62 5 8 1  0 . 465 645 0 . 0 5 0 0 0 0  0 . 60 
2 . 5 08 1 03 1 . 5048 6 1  0 . 3 7 62 15 0 .  0 6 0 0'0 0  0 . 60 
2 . 049 7 04 1 . 2 2 9 82 1 0 . 3 0 7 45 5 0 . 0 7 0000 0 . 60 
1 . 6 7 8092 1 . 006855 0 . 2 5 1 7 1 4  0 . 0 8 0000 0 . 60 
1 . 3 69 48 3  0 . 82 1 68 9  0 . 2 0 542 2  0 . 0 9 0 000 0 . 60 
1 . 1 12 2 5 7  0 . 6 6 7 3 5 4  0 . 1 6 683 8 0 . 1 0 0 0 0 0  0 . 60 
1 5 . 9 9 92 1 0  12 . 7 9 9 3 5 8  3 . 1 9 9 84 0  0 . 0 1 0000 0 . 80 
7 . 9 9 3 6 2 4  6 .  3 9 4894 1 . 5 9 8 72 3  0 . 02 0 00 0  0 . 80 
5 . 3 1 1 9 1 1  4 . 2 49 5 2 3  1 . 0 62 3 8 1  0 . 0 3 0 00 0  0 . 80 
3 . 9 49 8 08 3 . 1 5 98 44 0 . 7 8 9 9 6 1  0 . 0 40 0 00 0 . 80 
3 . 1 043 03 2 . 483 441 0 . 620860 0 . 0 5 0 0 0 0  0 . 80 
2 . 5 0 8 103 2 . 00648 1 0 . 5 0 1 62 0  0 . 0 60000 0 . 80 
2 . 049704 1 . 63 9 7 62 0 . 409 94 1  0 . 0 7 0000 0 . 80 
1 . 6 7 8092 1 .  3 42 47 3  0 . 3 3 5 6 1 8  0 . 080000 0 . 80 
1 . 3 6 9483 1 . 0 9 5 5 86 0 . 2 73 89 7  0 . 090000 0 . 80 
1 . 1 12 2 5 7  0 . 889 805 0 . 2 2 2 45 1  0 . 1 00 0 00 0 . 80 
1 5 . 9 9 9 2 1 0  1 5 . 9 99 2 10 3 . 9 9 9 803 0 . 0 1 0 0 0 0  1 . 00 
7 . 9 9 3 62 4  7 . 9 9 3 622 1 . 9 9 8 405 0 . 0 2 0 0 0 0  1 . 00 
5 . 3 1 19 1 1  5 . 3 1 1 909 1 . 3 2 7 9 7 7  0 . 0 3 0 00 0  1 . 00 
3 . 9 49 8 08 3 . 949808 0 . 9 8 7 452 0 . 0 40 0 0 0  1 . 00 
3 . 1 04303 3 . 1 043 03 0 . 7 7 60 7 6  0 . 0 5 0 0 0 0  1 . 00 
2 . 5 0 8 1 03 2 . 5 08 1 03 0 . 62 7 02 6 0 . 0 6 0 0 0 0  1 . 0 0 
2 . 049 704 2 . 049 7 0 4  0 .  5 12 42 6  0 . 0 7 00 0 0  1 . 00 
1 . 6 7 8092 1 . 6 7 8092 0 . 41 9 5 2 3  0 . 0 8 0 0 0 0  1 . 00 
1 .  3 6948 3  1 . 3 6 9483 0 . 3 42 3 7 1  0 . 0 9 0 0 0 0  1 . 00 
1 . 1 12 2 5 7  1 . 1 12 2 5 7  0 . 2 7 8064 0 . 1 00000 1 . 00 
� 
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Figure C . l .  DAMPER COEFFICIENT VS FLUID HEIGHT ( GLYCERINE ) .  
175 
w : 6o 
T abl e C . 2  
AM=0 .
-
0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 005 800 FT2/SEC ( O I L  SAE 30 ) 
W=10 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
176 
T1 Fl C1 H SA 
! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _  FT2_ 
3 . 3 47 7 1 8  0 . 6 6 9 5 44 0 . 1 67 3 8 6  0 . 0 1 0000 0 . 2 0 
1 . 7 3 043 4 0 . 3 46087 0 . 086522 0 . 020000 0 . 2 0 
1 . 3 0 1 68 1  0 . 2 603 3 6  0 . 065084 0 . 03 0 00 0  0 . 2 0 
1 . 2 13 40 5  0 . 2 42 68 1  0 . 060 6 7 0  0 . 040000 0 . 2 0 
1 . 2 49 88 1  0 . 2 49 9 7 6  0 . 062 49 4 0 . 050000 0 . 2 0 
1 . 3 12 9 5 3  0 . 2 62 5 9 1  0 . 065 6 48 0 . 0 60000 0 . 2 0 
1 . 3 6 1 3 48 0 . 2 72 2 69 0 . 06806 7  0 . 0 7 0000 0 . 2 0 
1 . 3 8 6489 0 . 2 7 7 2 9 8  0 . 0693 2 4  0 . 080000 0 . 2 0 
1 . 3 9449 5 0 . 2 7 8899 0 . 069 7 2 5  0 . 090000 0 . 2 0 
1 . 3 9 40 3 9  0 . 2 7 8808 0 . 0 6 9 7 0 2  0 . 100000 0 . 2 0 ! 
3 . 3 4 7 7 18 
" 1 . 7 3 043 4 
1 . 3 0 1 6 8 1 
1 . 2 13 40 5  
1 . 2 49 88 1 
1 . 3 12 9 5 3  
1 . 3 6 1 3 48 
1 . 3 8 6489 
1 . 3 9 4495 
1 . 3 9403 9 
3 . 3 47 7 1 8  
1 . 7 3 043 4 
1 . 3 0 1 6 8 1  
1 . 2 1 3 405 
1 . 2 49 8 8 1  
1 . 3 12 9 5 3  
1 . 3 6 1 3 48 
1 . 3 8 6 48 9  
1 . 3 9 4495 
1 . 3 9 403 9 
3 . 3 47 7 1 8 
1 . 7 3 043 4 
1 . 3 0 1 68 1  
1 . 2 13 405 
1 . 2 49 8 8 1  
1 . 3 12 9 5 3  
1 . 3 6 1 3 48 
1 . 3 8 6489 
1 . 3 3 9 0 8 7  
0 . 692 1 7 4  
0 . 5 2 0 6 7 2  
0 . 4 85 3 62 
0 . 4 9 9 9 5 2  
0 . 5 2 5 1 8 1  
0 . 5 4453 9 
0 . 5 5 4595 
0 . 5 5 7 7 9 8  
0 . 5 5 7 6 1 6  
2 . 00863 1 
1 . 0 3 8 2 60 
0 . 7 8 1008 
0 . 7 2 8042 
0 . 7 4992 8 
0 . 7 8 7 7 72 
0 . 8 1 6809 
0 . 8 3 1893 
0 . 8 3 6 6 9 7  
0 . 8 3 6 42 3  
2 . 6 7 8 1 7 4  
1 . 3 8 43 47 
1 . 0 4 1 3 45 
0 . 9 7 0 7 2 3  
0 . 9 9 9905 
1 . 0503 6 3  
1 . 0 8 9 0 7 8  
1 . 1 09 1 9 1  
0 . 3 3 47 7 2  
0 . 173 043 
0 . 1 3 0 1 68 
0 . 12 1 3 40 
0 . 1249 8 8  
0 . 1 3 12 9 5  
0 . 1 3 6 1 3 5  
0 . 1 3 8 649 
0 . 1 3 9 44 9  
0 . 1 3 9 40 4  
0 . 502 1 5 8  
0 . 2 5 9 5 6 5  
0 . 1 9 5 2 5 2  
0 . 182 0 1 1 
0 . 1 87 48 2  
0 . 1 9 6943 
0 . 20 42 02 
0 . 2 0 7 9 7 3  
0 . 2 09 1 7 4  
0 . 2 09 106 
0 . 669544 
0 .  3 46087 
0 . 2 6033 6 
0 .  2 42 68 1  
0 . 2 49 9 7 6 
0 . 2 62 5 9 1  
0 . 2 7 2 2 7 0  
0 . 2 7 7 2 9 8  
0 . 0 1 0000 
0 . 020000 
0 . 030000 
0 . 0 40000 
0 . 0500 0 0  
0 . 0 6 0000 
0 . 0 70000 
0 . 080000 
0 . 090000 
0 . 1 00000 
0 . 0 1 0000 
0 : 020000 
0 . 03 0000 
0 . 040000 
0 . 050000 
0 . 060000 
0 . 0 7 0 000 
0 . 080000 
0 . 090000 
0 . 1 00000 
0 . 0 1 0000 
0 . 020000 
0 . 03 0000 
0 . 040000 
0 . 050000 
0 . 060000 
0 . 0 7 0 000 
0 . 080000 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
0 . 6 0 
0 . 60 
0 . 8 0 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 8 0 
0 . 80 
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Tab l e  C . 2  ( c ontinued ) 
1 . 3 9 449 5 ! - 1 . 1 1 5 5 9 5  0 . 2 7 8 8 9 9  0 . 0 9 0000 0 . 80 
1 . 3 9 403 9 1 . 1 1 5 2 3 1 0 . 2 7 8 8 08 0 . 1 00000 0 . 80 
3 . 3 47 7 1 8 3 . 3 47 7 1 8  0 . 83 693 0 0 . 0 1 0000 1 . 00 
1 . 73 043 4 1 . 7 3 043 4 0 . 43 2 60 9  0 . 02 0000 1 . 00 
1 . 3 0 1 68 1  1 . 3 0 1 68 1  0 . 3 2 5 42 0  0 . 03 0000 1 . 00 
1 . 2 13 40 5  1 . 2 1 3 40 4  0 . 3 03 3 5 1  0 . 040000 1 . 00 
1 . 2 49 8 8 1  1 . 2 49 8 8 1  0 . 3 1 2 47 0  0 . 0 5 0000 1 . 00 
1 . ,3 12 9 5 3  1 . 3 12 9 5 3  0 . 3 2 82 3 8  0 . 0 60000 1 . 00 
1 . 3 6 1 3 48 1 . 3 6 1 3 48 0 . 3 40 3 3 7  0 . 0 7 0000 1 . 00 
1 . 3 8 6 48 9  1 . 3 8 648 9  0 .  3 46 62 2  0 . 080000 1 . 00 
1 . 3 9 44 9 5  1 . 3 9 4495 0 . 3 48 62 4  0 . 0 9 0000 1 . 00 
1 . 3 9403 9 1 . 3 9403 9 0 . 3 48 5 1 0  0 . 100000 1 . 00 
AM=0 . 0083 5 0  LBF -SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 005800 FT2/SEC ( O I L  SAE 3 0 ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T1 F1 C1 H SA 
! _. LBF /FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 - -
3 . 5 2 6 6 1 6  ! . 0 . 7 05 3 2 3  0 . 1 7 63 3 1  0 . 0 1 0000 0 . 2 0 
2 . 7 3 42 09 0 . 5 46 842 0 . 13 6 7 1 0  0 . 0 2 0000 0 . 2 0 
3 . 0 1 7 9 4 1  0 . 6 0 3 5 8 8  0 . 1 5 08 9 7 0 . 03 0000 ' 0 . 2 0 
3 . 1 1 7846 0 . 62 3 5 69 0 . 1 5 5 89 2  0 . 0 40000 0 . 2 0 
3 . 1 09 5 12 0 . 62 1902 0 . 1 5 5 47 6 0 . 0 5 00 00 0 . 2 0 
3 . 1 0 1052 0 . 6202 1 0  0 . 1 5 5 0 5 3  0 . 0 60000 0 . 2 0 
3 . 1 0049 5 0 . 620099 0 . 1 5 5 0 2 5  0 . 0 7 0 00 0  0 . 2 0 
3 . 1 0 1 0 3 0  0 . 6 2 02 0 6  0 . 1 5 5 0 5 2  0 . 080000 0 . 2 0 
3 . 1 0 1 145 0 . 62 022 9 l 0 . 1 5 5 0 5 7  0 . 0 90000 0 . 2 0 
3 . 1 0 1 12 1 0 . 62 022 4 0 . 1 5 5 05 6 0 . 1 00000 0 . 2 0 
3 . 5 2 6 6 1 6  1 . 4 1 0 64 6  0 . 3 5 2 6 6 2  0 . 0 1 0000 0 . 40 
2 . 7 3 42 09 1 . 093 683 0 . 2 7 3 42 1  0 . 02 0000 0 . 40 
3 . 0 1 7 9 4 1  1 . 2 0 7 1 7 6  0 . 3 0 1 7 9 4  0 . 0 3 0 0 0 0  ' 0 . 40 
3 . 1 1 7 8 4 6  1 . 2 47 1 3 8  0 . 3 1 1 7 8 5  0 . 040000 0 . 40 
3 . 109 5 1 2 1 . 2 43 805 0 . 3 1 09 5 1  0 . 0 5 00 0 0  0 . 40 
3 . 1 0 1 0 5 2  1 .  2 40 42 0  0 . 3 1 0 10 5  0 . 0 60000 0 . 40 
3 . 1 00495 1 . 2 40 1 9 8  0 . 3 1 0050 0 . 0 7 00 0 0  0 . 40 
3 . 10 103 0 1 . 2 40 4 1 2  0 . 3 1 0 1 0 3  0 . 0 80 0 0 0  ·0 .  40 
3 . 1 0 1 1 45 1 . 2 40 45 8  0 . 3 1 0 1 1 4 0 . 0 9 0 0 0 0  0 . 40 
3 . 1 0 1 12 1 1 . 2 40 44 8  0 . 3 1 0 1 12 0 . 1 00000 0 . 40 
3 . 5 2 6 6 1 6  2 . 1 1 5 9 7 0  0 . 5 2 8 9 9 3  0 .  0-1 00 0 0  0 . 60 
2 . 7 3 42 0 9  1 . 64052 6 0 . 4 1 0 1 3 1 0 . 0 2 0000 0 . 60 
3 . 0 1 7 9 4 1  1 . 8 1 0 7 64 0 . 45 2 6 9 1  0 . 0 3 0000 0 . 60 
3 . 1 1 7 846 1 . 8 7 0 7 0 8  0 . 467 6 7 7  0 . 040000 0 . 60 
3 . 109 5 1 2 1 . 8 6 5 7 0 7  0 . 4 6 6 42 7 0 . 0 5 0000 0 . 60 
178 
T ab l e  C . 2  ( c ontinued ) 
3 . 1 0 1 0 5 2  1 . 8 6063 1 0 . 465 1 5 8  0 . 0 60000 0 . 60 
3 . 1 00 49 5  1 . 8 602 97 0 . 465 074 0 . 0 70000 0 . 60 
3 . 1 0 1 0 3 0  1 . 8 6 0 6 1 8  0 . 465 1 5 5  0 . 0 8 0000 0 . 60 
3 . 10 1 1 45 1 . 8 60686 0 . 465 1 72 0 . 0 9 0 000 0 . 60 
3 . 10 1 1 2 1 1 . 8 60672 0 . 465 1 6 8  0 . 1 00000 0 . 60 
3 . 5 2 6 6 1 6  2 . 82 1292 0 . 705 3 2 3  0 . 0 10 000 0 . . 80 
2 . 7 3 42 09 2 . 1 8 7 3 6 7  0 . 546842 0 . 0 2 0000 0 . 80 ' 
3 . 0 1 7 9 4 1  2 . 4 1 43 5 3  0 . 603 588 0 . 0 3 0000 0 . 80 
3 . 1 1 7846 2 . 4942 7 7  0 . 62 3 5 69 0 . 0 40000 0 . 80 
3 . 1 0 9 5 12 2 . 487 6 10 0 . 62 1 9 03 0 . 0 5 0 000 0 . 80 
3 . 1 0 1 0 5 2  2 . 480842 0 . 62 02 1 1  ! "  0 . 0 60000 0 . 80 
3 . 1 0049 5 2 . 4803 9 6  0 . 620099 0 . 0 7 00 00 0 . 80 
3 . 1 0 103 0 2 . 48082 4 0 . 620206 0 . 0 8 0000 0 . 80 
3 . 1 0 1 1 45 2 . 4809 1 6  0 . 6202 2 9  0 . 0 90 0 00 0 . 80 
3 . 1 0 1 1 2 1  2 . 480896 0 . 62 02 2 4  0 . 1 00000 0 . 80 
3 . 5 2 6 6 1 6  3 . 5 2 6 6 1 5  0 . 88 1 65 4  0 . 0 10000 1 . 00 
2 . 7 3 42 0 9  2 . 7 3 42 1 0 0 . 683 5 5 3  0 . 0 2 0000 1 . 00 
3 . 0 1 7 9 4 1  3 . 0 1 79 4 1  0 . 7 5 4485 0 . 0 3 0000 1 . 00 
"3 . 1 1 78 4 6  3 . 1 1 7 84 6  0 . 7 7 9 462 0 . 040000 1 . 00 
3 . 1095 12 3 . 1 09 5 1 1  0 . 7 7 7 3 78 0 . 0 50000 1 . 00 
3 . 1 0 1 0 52 3 . 1 .0 1 053 0 . 7 7 52 63 0 . 0 6 0 000 1 . 00 
3 . 1 00495 3 . 1 0049 6 0 . 7 7 5 12 4  0 . 0 7 0000 1 . 00 
3 . 1 0 1 0 3 0  3 . 1 0 1 03 1 0 . 7 7 5 2 5 8  0 . 0 80 0 00 1 . 00 
3 . 1 0 1 145 3 . 1 0 1 146 0 . 7 7 5 2 8 6  0 . 0 9 00 00 1 . 00 
3 . 1 0 1 12 1 3 . 1 0 1 12 2  0 . 7 7 5 2 80 0 . 1 00 000 1 . 00 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 5 8 0 0  FT2/SEC ( O I L  SAE 3 0 ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T1 Fl C 1  H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT -FT2 
3 . 9 0 5 0 44 0 . 7 8 1008 0 . 1 9 52 5 2  0 . 0 1 0000 0 . 2 0 
3 . 9 3 8 8 6 0  0 . 7 87 7 7 2  0 . 19 6943 0 . 0 2 0000 0 . 2 0 
4 . 1 8 3 48 3  0 . 8 3 6 6 9 6 0 . 209 1 7 4  0 . 0 3 0 0 0 0  0 . 2 0 ' 
4 . 1 65 8 1 4  0 . 8 3 3 1 6 3  0 . 2 0 82 9 1  0 . 040000 0 . 2 0 
4 . 1 5 9 5 6 1  0 . 83 19 12 0 . 2 0 7 9 7 8  0 . 0 5 00 0 0  0 . 2 0 
4 . 1 60488 0 . 8 3 2 09 8  0 . 2 0802 4 0 . 0 60 0 0 0  0 . 2 0 
4 . 1 60 6 1 3  0 . 8 3 2 1 2 3  0 . 2 0803 1 0 . 0 7 0 0 00 0 . 2 0 
4 . 1 60 5 7 6  0 . 8 3 2 1 1 5 0 . 2 0802 9 0 . 0 8 00 00 0 . 2 0 
4 . 1 6 0 5 7 7  0 . 8 3 2 1 1 5 0 . 2 0 802 9 0 . 0 9 0 0 00 0 . 2 0 
4 . 1 60 5 7 6 0 . 8 3 2 1 1 5 0 . 2 0 802 9 0 . 1 0 0000 0 . 2 0 
3 . 905044 1 . 5 6 20 1 6  0 . 3 9 0 5 0 4  0 . 0 1 0 000 0 . 40 
3 . 93 8 8 60 1 . 5 7 5 5 43 0 . 3 9 3 8 8 6  0 . 0 2 0000 0 . 40 ! 
179 
T ab l e  C . 1 ( c onti nued ) 
4 . 1 8 3 483 1 . 6 7 3 3 9 3  0 . 4 1 8 3 48 0 . 03 0000 0 . 40 
4 . 1 65 8 1 4  1 . 6 6 63 2 6  0 . 4 1 6 5 8 1  0 . 040000 0 . 40 
4 . 1 5 9 5 6 1  1 . 6 63 82 4  0 . 4 1 5 9 5 6 0 . 0 5 0 00 0  0 . 40 
4 . 1 60 48 8  1 . 664195 0 . 4 1 6049 0 . 0 60000 0 . 40 
4 . 1 6 0 6 1 3  1 . 6 642 45 0 . 4 1 6 0 6 1  0 . 0 70000 0 . 40 
4 . 1 60 5 7 6  1 . 6 642 3 0  0 . 41 6058 0 . 080000 0 . 40 
4 . 1 60 5 7 7  1 . 6642 3 0  0 . 4 1 6058 0 . 0 9 0 000 0 . 40 
4 . 1 6 0 5 7 6  1 . 6642 3 0  0 . 4 1 6058 0 . 1 00000 0 . 40 
3 . 9 0 5044 2 . 3 43 0 2 5  0 . 5 8 5 7 5 6  0 . 0 1 0000 0 . 60 
. ! 3 . 9 3 8 8 6 0  2 . 3 63 3 1 6  0 . 5 9 082 9 0 . 02 0000 0 . 60 
4 . 1 8 3 48 3  2 . 5 1009 1 0 . 62 7 5 2 3  0 . 03 0 00 0  0 . 60 
4 . 1 65 8 1 4 2 . 499 488 0 . 62 48 7 2  0 . 040000 ' 0 . 60 
4 . 1 5 9 5 6 1  2 . 49 5 7 3 7  0 . 62 3 9 3 4  0 . 05 0000 0 . 60 
4 . 1 60488 2 . 49 62 9 3  0 . 62 40 7 3  0 . 0 6 0 000 0 . 60 
4 . 1 60 6 1 3  2 . 49 63 6 7  0 . 624092 0 . 0 7 0000 0 . 60 
4 . 1 6 05 7 6  2 . 49 6346 0 . 624087 0 . 080000 0 . 60 
4 . 1 60 5 7 7  2 . 49 6 3 4 6  0 . 6 2 40 8 7  0 . 090000 0 . 60 
4 . 1 60 5 7 6 2 . 49 6 3 4 6  0 . 62 408 6 0 . 100000 0 . 60 
3 . 905 044 3 . 12 403 4 0 . 7 8 1 009 0 . 0 1 0000 0 . 80 
3 . 9 3 8 8 60 3 . 1 5 1089 0 . 7 8 7 7 72 0 . 02 0000 0 . 80 
4 . 183 483 3 . 3 46 7 8 7  0 . 8 3 6 69 7  0 . 03 0000 0 . 80 
4 . 1 65 8 1 4  3 . 3 � 2 65 0  0 . 8 3 3 1 63 0 . 040000 ' 0 . 80 
4 . 1 5 9 5 6 1  3 . 3 2 7 65 0  0 . 83 19 1 3 0 . 050000 0 . 80 
4 . 1 60 48 8  3 . 3 2 8 3 9 1  0 . 83 2 09 8  0 . 060000 0 . 80 
4 . 1 60 6 1 3  3 . 3 2 8490 0 . 83 2 12 3  0 . 0 7 0 000 0 . 80 
4 . 1 60 5 7 6  3 . 3 2 8462 0 . 83 2 1 1 6 0 . 080000 0 . 80 
4 . 1 60 5 7 7  3 . 3 2 8462 0 . 83 2 1 1 5  0 . 090000 0 . 80 
4 . 1 605 7 6  3 . 3 2 845 9  0 . 832 1 1 5 0 . 100000 0 . 80 
3 . 905044 3 . 9 05044 0 . 9 7 62 6 1  0 . 0 1 0000 1 . 00 
3 . 9 3 8 8 6 0  3 . 9 3 8 859 0 . 9847 15 0 . 020000 1 . 00 
4 . 183 483 4 . 1 83 483 1 . 045 8 7 1  0 . 0 3 0 0 0 0  1 . 0 0 
4 . 1 6 5 8 1 4  4 . 1 65 8 1 3 1 . 0 4 1 45 3  0 . 0 40 0 0 0  1 . 00 
4 . 1 5 9 5 6 1  4 . 1 5 9 5 6 1  1 . 0 3 9 8 9 0  0 . 0 5 0 0 0 0  1 . 00 
4 . 1 60 48 8  4 . 1 60488 1 . 040 1 2 2  0 . 0 6 0 0 0 0  1 . 00 
4 . 1 6 0 6 1 3  4 . 1 60 6 1 0  1 . 040 1 5 3  0 . 070000 1 . 0 0 
4 . 1 60 5 7 6  4 . 1 605 7 6  1 . 040 144 0 . 080000 1 . 00 
4 . 1 60 5 7 7  4 . 1 60 5 7 6  1 . 040 1 44 0 . 090000 1 . 00 
4 . 1 60 5 7 6  4 . 1 605 72 1 . 040 1 43 0 . 1 00 0 0 0  ! .  1 . 00 
T ab l e  C . 3 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 005800 FT2/SEC ( O I L  SAE 3 0 ) 
W=1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
1 80 
T2 F2 C2 H SA 
! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! _FT __ _ FT2_ 
3 . 3 3 9453 0 . 6 6 7 8 9 0  0 . 1 66 9 7 3  0 . 0 1 0000 0 . 2 0 
1 . 6 6 5 605 0 . 3 3 3 12 1  0 . 083 2 80 0 . 02 0000 0 . 2 0 
1 . 09 8 7 05 0 . 2 1 9 7 4 1  0 . 0549 3 5  0 . 0 3 0 00 0  0 . 2 0 
0 . 8 0 1 60 1  0 . 1 6 0 3 2 0  0 . 040080 0 . 0 40000 0 . 2 0 
0 . 6 0 7 40 1  0 . 12 1480 0 . 0 3 03 7 0  0 . 050000 0 . 2 0 
0 . 463 6 9 1  0 . 092 7 3 8  0 . 023 185 0 . 0 60 000 0 . 2 0 · !  
0 . 3 5 1 8 9 8  0 . 0 7 03 80 0 . 0 1 7 5 9 5  0 . 0 7 0 0 0 0  0 . 2 0 
0 . 2 64 7 7 7  0 . 052 9 5 5  0 . 0 1 3 2 3 9  0 . 0 8 0 0 0 0  0 . 2 0 
0 . 1 9 7 9 8 6  0 . 03 9 5 9 7  0 . 009 8 9 9  0 . 090000 0 . 2 0 
0 . 1 47 5 89 0 . 02 9 5 1 8 0 . 0 07 3 7 9  0 . 1 00000 0 . 2 0 
3 . 3 3 9 453 1 . 3 3 5 78 0  . 0 . 3 3 3 9 45 0 . 0 1 0000 0 . 40 
" 1 . 6 6 5 605 0 . 6 6 6 2 42 0 . 1 6 6 5 6 0  0 . 02 0 00 0  0 . 40 
1 . 098705 0 . 43 9 482 0 . 1 09 87 1  0 . 0 3 0000 0 . 40 
0 . 8 0 1 6 0 1  0 . 3 2 0 640 0 . 080 1 60 0 . 040000 0 . 40 
0 . 6 0 7 40 1  0 . 2 42 9 6 0  0 . 0 60 7 40 0 . 0 5 0 0 00 0 . 40 
0 . 463 6 9 1  0 . 1 8 5 47 6  0 . 0463 69 0 . 0 60000 0 . 40 
0 . 3 5 1 8 9 8  0 . 140 7 5 9  0 . 03 5 1 9 0  0 . 0 7 0 0 0 0  0 . 40 
0 . 2 647 7 7  0 . 1059 1 1  0 . 02 6478 0 . 080000 0 . 40 
0 � 1 9 7 9 8 6  0 . 0 7 9 1 9 4  0 . 0 1 9 7 9 9  0 . 0 9 00 0 0  0 . 40 
0 . 1 4 7 5 8 9  0 . 05 9 0 3 5  0 . 0 1 47 5 9  0 . 100000 0 . 40 
3 . 3 3 9 453 
1 . 665 605 
1 . 0 9 8 7 0 5  
0 . 80 1 6 0 1  
0 . 60740 1 
0 . 463 6 9 1  
0 . 3 5 1 8 9 8  
0 . 2 647 7 7  
0 . 1 9 7 9 8 6  
0 . 1 47 5 89 
3 . 3 3 9 453 
1 . 665 605 
1 . 09 8 7 0 5  
0 . 80 1 6 0 1  
0 . 60740 1  
0 . 463 6 9 1  
0 . 3 5 1 8 9 8  
0 . 2 647 7 7  
2 . 003 672 0 . 5009 1 8  
0 .  9 9 9 3 63 "! 0 .  2 49 8 4 1  
0 . 65 92 2 4  0 . 1 648 06 
0 . 4809 6 1  0 . 1202 40 
0 . 3 64441 0 . 09 1 1 1 0 
0 . 2 7 82 1 4  0 . 0 6 95 5 4  
0 . 2 1 1 1 3 9  0 . 0 5 2 7 8 5  
0 . 1 5 8 8 6 6  0 . 0 3 9 7 1 7  
0 . 1 1 8 7 9 1 0 . 02 9 69 8  
0 . 0885 5 3  0 . 02 2 1 3 8  
2 . 6 7 1 5 6 1  
1 . 3 3 2 483 
0 . 8 7 89 65 
0 . 6412 8 1  
0 . 48592 1 
0 . 3 7 0 9 5 2  
0 . 2 8 1 5 1 8  
0 . 2 1 1 822 
0 . 6 6 7 8 90 
0 . 3 3 3 12 1  
0 . 2 1 9 7 41 
0 . 1 60 3 2 0  
0 . 12 1 480 
0 . 092 7 3 8  
0 . 0 7 03 80 
0 . 052 9 5 5  
0 . 0 1 0000 
0 . 02 0000 
0 . 0 3 0000 
0 . 040000 
0 . 0 5 0000 
0 . 060000 
0 . 0 7 0000 
0 . 080000 
0 . 09 0000 
0 . 1 0 0 0 0 0  
0 . 0 1 0 000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 0 0 0 0  
0 . 060000 
0 . 0 7 0 0 0 0  
0 . 080000 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
· o . 8o 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 80 
0 . 80 
Tab l e  C . 3  ( c ontinued } 
0 . 1 9 7 9 8 6  0 . 1 5 83 8 8  
0 . 1 4 7 5 8 9  0 . 1 1 807 1 
3 . 3 3 9 4 5 3  
1 . 665 605 
1 . 09 8 7 0 5  
0 . 80 1 60 1  
0 . 6 0 7 40 1  
0 . 463 6 9 1  
0 . 3 5 1 8 9 8  
0 . 2 64 7 7 7  
0 . 1 9 7 9 8 6  
0 . 147589 
3 . 3 3 9 45 3  
1 . 6 6 5 60 5  
1 . 0 9 8705 
0 . 8 0 1 60 1  
0 . 607401 
0 . 463 69 1 
0 . 3 5 1 8 9 8  
0 . 2 6477 7  
0 . 1 9 7 9 8 6  
0 . 147589 
0 . 03 9 5 9 7  
0 . 02 9 5 1 8 
0 . 8 3 4 8 6 3  
0 . 4 1 6 4 0 1  
0 . 2 7 46 7 7  
0 . 2 00 400 
0 . 1 5 1 8 5 0  
0 . 1 15 92 3  
0 . 0879 7 5  
0 . 0 6 6 1 9 4  
0 . 04949 6 
0 . 03 6 8 9 7  
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 5 800 FT2/SEC ( O I L  SAE 30 ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 9 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 0 2 0000 
0 . 0 3 0000 
0 . 040000 
0 . 0 5 0000 
0 . 0 6 0000 
0 . 0 70000 
0 . 080000 
0 . 0 9 0000 
0 . 100000 
181 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
T2 F2 C2 H SA 
! _. LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _ FT2_ 
3 . 3 2 62 88 
1 . 5 68 6 6 8  
0 . 8 5 3 6 0 6  
0 . 449 9 8 7  
0 . 2 3 3 07 4  
0 � 1 2 0 7 1 8  
0 . 062 605 
0 . 03 2 47 3  
0 . 0 1 6842 
0 . 0087 3 5  
3 . 32 62 88 
1 . 5 6 8 6 6 8  
0 . 853 60 6  
0 . 4499 8 7  
0 . 2 3 3 0 7 4  
0 . 12 0 7 1 8  
0 . 062 605 
0 . 03 2 473 
0 . 0 1 6842 
0 . 0087 3 5  
3 . 3 2 62 88 
1 . 5 6 8 6 68 
0 . 8 5 3 606 
0 . 449 9 8 7  
0 . 2 3 3 0 7 4  
0 . 6652 5 7  
0 . 3 1 3 7 3 4  
0 . 1 7 0 72 1 
0 . 089 9 9 7  
0 . 046 6 1 5  
0 . 02 4 1 44 
0 . 0 1 2 52 1 
0 . 00 649 4 
0 . 003 3 68 ! 
0 . 00 1 7 47 
1 . 3 3 05 1 5  
0 . 62 7 46 7  
0 . 3 4 1442 
0 . 1 7 9 9 9 5  
0 . 09 3 2 3 0  
0 . 0482 87 
0 . 025 042 
0 . 0 12 9 89 
0 . 00673 7 
0 . 003 494 
1 . 9 9 5 7 7 2  
0 . 9 4 1 2 0 1  
0 . 5 12 1 64 
0 . 2 69992 
0 . 1 3 9 844 
0 . 1 66 3 1 4  
0 . 0 78 43 3 
0 . 042 6 8 0  
0 . 022 499 
0 . 0 1 1 65 4  
0 . 00603 6 
0 . 003 1 3 0  
0 . 00 1 62 4  
0 . 000842 
0 . 00043 7 
0 . 3 3 2 6 2 9  
0 . 1 5 6 8 6 7  
0 . 085 3 6 1 
0 . 0449 99 
0 . 02 3 3 0 7 
0 . 0 12 0 72 
0 . 0062 60 
0 . 003 2 47 
0 . 0 0 1 6 8 4  
0 . 0008 7 4  
0 . 49 8943 
0 . 2 3 5 3 00 
0 . 12 804 1 
0 . 0 6 7 49 8  
0 . 03 49 6 1  
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 0000 
0 . 0 60000 
0 . 0 70000 
0 . 080000 
0 . 09 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 050000 
0 . "0 60000 
0 . 0 7 0000 
0 . 080000 
0 � 09 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 0000 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 ' 
0 . 40 
0 . 40 
0 . 40 
. 0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 6 0 
0 . 60 
0 . 60 
\Tab l e  C . 3 ( cont inued ) 
0 . 1 2 0 7 1 8  
0 . 0 62 605 
0 . 0 3 2 47 3  
0 . 0 1 6 842 
0 . 0 08 7 3 5  
3 . 3 2 62 88 
1 . 5 68 6 68 
0 . 8 53 606 
0 . 449 9 8 7  
0 . 2 3 3 0 7 4  
0 . 1 2 07 1 8  
0 . 062 605 
0 . 0 3 2 47 3  
0 . 0 1 6842 
0 . 0 08 7 3 5  
3 .  3 2 62 88 
1 . 5 6 86 6 8  
0 . 8 5 3 6 0 6  
·o . 449 9 8 7  
0 . 2 3 3 07 4  
0 . 1 2 0 7 1 8  
0 . 0 62 605 
0 . 032473 
0 . 0 1 6842 
0 . 0 0 8 7 3 5 
0 . 0 7 2 43 1 
0 . 03 7 5 63 
0 . 0 1 9484 
0 . 0 10 10 5  
0 . 005241 
2 . 6 6 103 1 
1 . 2 5 49 3 4  
0 . 6 82 8 8 5  
0 . 3 59 9 9 0  
0 . 1 8 645 9 
0 . 0 9 6 5 7 5  
0 . 050084 
0 . 02 5 9 7 8  
0 . 0 1 3 47 4  
0 . 006988 
3 . 3 2 62 8 6  
1 . 5 68 6 6 7  
0 . 8 5 3 606 
0 . 449 9 8 7  
0 . 2 3 3 07 4  
0 . 1 2 0 7 1 8  
0 . 0 62 605 
0 . 032 472 
0 . 0 1 6842 
0 . 0 08 7 3 5 
0 . 0 18 108 
0 . 009 3 9 1  
0 . 0048 7 1  
0 . 002 5 2 6  
0 . 00 13 1 0  
0 . 6 65 2 5 8  
0 . 3 1 3 7 3 4  
0 . 1 7 0 7 2 1 
0 . 0 8 9 9 9 7  
0 . 046 6 1 5  
0 . 02 4 1 44 
0 . 0 12 5 2 1  
0 . 006495 
0 . 003 3 68 
0 . 0 0 1 7 47 
0 . 83 1 5 72 
0 . 3 92 1 6 7  
0 . 2 13 40 1  
0 . 1 12 49 7  
0 . 0 5 8 2 68 
0 . ·03 0 1 8 0  
0 . 0 1 5 65 1  
0 . 0 0 8 1 1 8 
0 . 0042 1 1  
0 . 002 1 8 4  
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 5 80 0  FT2/SEC ( O I L  SAE 3 0 ) 
W=9 0 . 00 0  RAD/SEC 
A= 4 . 0 0 0  FT/SEC 
0 . 0 60000 
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0000 
0 . 1 0 0000 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 0000 
0 . 0 6 0000 
0 . 07 0000 
0 . 080000 
0 . 0 9 0000 
0 . 1 00 0 0 0  
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 00 0 0  
0 . 0 6 0 000 
0 . 0 7 0 000 
0 . 080000 
0 . 090000 
0 . 1 00000 
182 
0 . 60 
0 . 60 
0 . 60 
0 . 6 0 
0 . 60 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
T2 F2 C2 H SA 
! _LBF /FT2 _ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _ FT2 
3 . 2 9 6 1 1 9 0 . 65 9 2 2 4  0 . 1 6 48 0 6  0 . 0 1 0000 0 . 2 0 
1 . 3 9 1 0 7 1  0 . 2 7 82 1 4 0 . 0 6 9 5 5 4  0 . 02 0000 0 . 2 0 
0 . 5 9 3 9 5 6  0 . 1 1 8 7 9 1 0 . 02 9 6 9 8  0 . 0 3 0000 0 . 2 0 
0 . 2 45 63 9  0 . 049 12 8 0 . 0 12 2 82 0 . 040000 0 . 2 0 
0 . 1 0 1 7 2 6  0 . 02 0 3 45 0 . 005086 0 . 0 5 00 0 0  .0 . 20 
0 . 042 1 64 0 . 00843 3 0 . 002 1 0 8  0 . 0 60000 0 . 2 0 
0 . 0 1 7 475 0 . 003495 0 . 0008 74 0 . 0 7 0000 0 . 2 0 
0 . 0 0 7 2 42 0 . 00 1448 0 . 0003 62 0 . 08 0000 0 . 20 
0 . 003 0 0 1  0 . 000 600 0 . 000 1 5 0  0 . 09 0000 0 . 2 0 
0 . 0 0 1 2 44 0 . 000249 0 . 000062 0 . 10000 0 0 . 2 0 
3 . 2 9 6 1 1 9 
1 . 3 9 1 0 7 1  
1 . 3 18447 
0 . 5 5 642 8  
0 . 3 2 9 6 1 2 0 . 0 1 0000 
0 . 1 3 9 107 0 . 02 0000 
0 . 40 
0 . 40 
183 
T ab l e  C . 3  ( c onti nued ) 
0 . 5 9 3 9 5 6  0 . 2 3 7 5 82 0 . 0 5 9 3 9 6  0 . 03 0000 0 . 40 
0 . 2 45 6 3 9  0 . 0 9 82 5 6  0 . 02 45 64 0 . 040000 0 . 40 
0 . 1 0 1 72 6  0 . 0 40 6 9 0  0 . 0 1 0 1 7 3  0 . 0 5 0000 0 . 40 
0 . 0 42 1 6 4 0 . 0 1 68 6 6  0 . 0042 1 6  0 . 060000 0 . 40 
0 . 0 1 7 4 7 5  0 . 006990 0 . 0 0 1 74 7  0 . 0 700 00 0 . 40 
0 . 0072 42 0 . 002 8 9 7  0 . 00072 4 0 . 0 80000 0 . 40 
0 . 003 0 0 1  0 . 0 0 12 0 1  0 . 000300 0 . 0 9 0000 0 . 40 
0 . 00 12 44 0 . 00049 8 0 . 000 1 2 4  0 . 1 00 000 0 . 40 
3 . 2 9 6 1 1 9 1 . 9 7 7 67 1  0 . 49 44 1 8  0 . 0 1 0000 0 . 60 
1 . 3 9 1 0 7 1 0 . 8 3 4 643 0 . 2 0 8 6 6 1  0 . 020000 0 . 60 
0 . 5 9 3 9 5 6  0 . 3 5 63 7 4 0 . 0 8 9 0 9 3  0 . 03 0000 0 . 60 
0 . 2 4 5 6 3 9  0 . 1 4 7 3 8 4  0 . 03 6846 0 . 0 40000 0 . 60 
0 . 1 0 1 7 2 6  0 . 0 6 103 6 0 . 0 1 5 2 5 9  0 . 050000 0 . 60 
0 . 042 1 64 0 . 02 5 2 9 8  0 . 0 0 63 2 5  0 . 060000 0 . 60 
0 . 0 1 7 47 5  0 . 0 10 48 5  0 . 002 62 1 0 . 070000 0 . 60 
0 . 0072 42 0 . 0043 45 0 . 00 1 0 8 6  0 . 080000 0 . 60 
0 . 003 0 0 1  0 . 0 0 1 8 0 1  0 . 000450 0 . 0 9 0000 0 . 60 
0 . 00 12 44 0 . 000746 0 . 000 1 8 7  0 . 1 00000 0 . 60 
" 3 . 2 9 6 1 1 9  2 . 6 3 6892 0 . 6 5 9 2 2 3  0 . 0 1 0000 0 . 80 
1 . 3 9 1 0 7 1  1 . 1 12 8 5 6  0 . 2 7 82 1 4  0 . 020000 0 . 80 
0 . 5 9 3 9 5 6  0 . 475 1 65 0 . 1 1 8 7 9 1 0 . 03 0000 ' 0 . 80 
0 . 2 45 6 3 9  0 . 1 9 65 1 1  0 . 049 1 2 8  0 . 0 40000 0 . 80 
0 . 1 0 1 7 2 6  0 . 0 8 1 3 8 1  0 . 02 0 3 45 0 . 0 5 0000 0 . 80 
0 . 042 1 6 4  0 . 03 3 7 3 1  0 . 00843 3 0 . 0 60000 0 . 80 
0 . 0 1 7�7 5 0 . 0 13 9 80 0 . 003 4 9 5  0 . 0 7 0000 0 . 80 
0 .; 0072 42 0 . 005 7 9 4  0 . 0 0 1 448 0 . 080000 0 . 80 
0 . 003 0 0 1  0 . 002 40 1 0 . 000600 0 . 0 9 0000 0 . 80 
0 . 00 12 44 0 . 00099 5  0 . 0002 49 0 . 10 0000 0 . 80 
-
3 . 2 9 6 1 1 9 3 . 2 9 6 1 1 8  ! 0 . 8 2 403 0 0 . 0 10 000 1 . 00 
1 . 3 9 1 0 7 1 1 . 3 9 1 0 7 0  0 . 3 47 7 68 0 . 020000 1 . 00 
0 . 5 9 3 9 5 6  0 . 5 9 3 9 5 6  0 . 1 48489 0 . 0 3 0000 1 . 0 0 
0 . 2 4 5 6 3 9 0 . 2 45 63 9 0 . 0 6 1 4 1 0  0 . 040000 1 . 0 0 
0 . 1 0 1 7 2 6  O . l 0 1 7 2 6  0 . 02 5 43 2  0 . 0 5 0000 1 . 00 
0 . 042 1 6 4  0 . 042 1 64 0 . 0 1 0 5 4 1  0 . 0 60000 1 . 00 
0 . 0 1 7 4 7 5  0 . 0 1 7 47 5  0 . 0043 69 0 . 0 7 0000 1 . 00 
0 . 0072 42 0 . 0072 42 0 . 0 0 1 8 1 1  0 . 080000 1 . 00 
0 . 003 0 0 1  0 . 003 00 1 . ! 0 . 0 00 7 5 0  0 . 0 9 0000 1 . 00 
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Figure C .  2 DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 30 ) .  
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T ab l e  C . 4  
AM=0 . 002 l LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 40 FT2/SEC ( O I L  SAE 1 0 ) 
W=1 0 . 00 0  RAD/SEC 
A= 4 . 00 0  FT/SEC 
. ! T 1  Fl C1 H SA 
! _LBF/FT2_ !  LBF ! LBF- SEC/FT ! FT -FT2 -- - - -- -
0 . 847 1 9 6  0 . 1 69 43 9  0 . 042 3 60 0 . 0 1 0000 ' 0 . 2 0 
0 . 49 8 462 0 . 0 9 9 692 0 . 02 492 3  0 . 02 0000 0 .  20 ' 
0 . 47 9 0 8 1  0 . 0 9 5 8 1 6  0 . 02 3 95 4  0 . 03 0000 0 . 2 0 
0 . 5 1 5 73 4  0 . 1 0 3 1 4 7  0 . 02 5 7 8 7  0 . 040000 0 . 2 0 
0 . 5 3 7 980 0 . 1 0 7 5 9 6  0 . 02 6899 0 . 050000 0 . 2 0 
0 . 542 7 69 0 . 1 0 8 5 5 4  0 . 02 7 1 3 8  0 . 0 6 00 0 0  0 . 2 0 
0 . 5 4 1 43 9  0 . 1 08 2 8 8  0 . 02 7072 0 . 0 7 00 0 0  0 . 2 0 
0 . 540 0 1 6  0 . 1 08003 0 . 02 700 1 0 . 0 8 00 0 0  0 . 2 0 
0 . 5 3 9 5 3 2  0 . 1 0 7 9 0 6  0 . 02 6 9 7 7  0 . 090000 0 . 2 0 
0 . 5 3 9 5 2 4  0 . 1 07 9 0 5  0 . 02 69 7 6  0 . 1 00000 0 . 2 0 
0 . 847 1 9 6  0 . 3 3 88 7 8  0 . 0847 1 9  0 . 0 1 0000 0 . 40 ' 
· o .  49 8 462 0 . 1 9 9 3 85 0 . 049 846 0 . 020000 0 . 40 
0 . 47 9 08 1  0 . 1 9 1 63 2  0 . 047 9 08 0 . 0 3 0 0 0 0  0 . 40 
0 . 5 15 73 4  0 . 2 0 62 9 3  0 . 05 1 5 7 3 0 . 0 40000 0 . 40 
0 . 53 7 9 80 . 0 . 2 1 5 1 9 2  0 . 053 7 9 8  0 . 050000 0 . 40 
0 . 542 7 69 0 . 2 1 7 1 0 8  0 . 0542 7 7  0 . 0 60000 0 . 40 
0 . 541439 0 . 2 1 6 5 7 6  0 . 054144 0 . 0 7 0000 0 . 40 
0 . 540 0 1 6  0 . 2 1 6006 0 . 05 4002 0 . 080000 0 . 40 
0 . 5 3 9 5 3 2  0 . 2 1 5 8 13 0 . 053 9 5 3  0 . 090000 0 . 40 
0 . 5 3 9 52 4  0 . 2 1 5 809 0 . 0 5 3 9 5 2  0 . 1 00 0 0 0  0 . 40 
0 . 8 47 1 9 6  0 . 5083 1 7  0 . 1 2 7 0 7 9  . ! 0 . 0 1 00 0 0  0 . 60 
0 . 49 8 462 0 . 2 9 9 0 7 7  0 . 074769 0 . 020000 0 . 60 
0 . 47 9 0 8 1  0 . 2 8 7 448 0 . 07 1 8 62 0 . 03 0000 0 . 60 
t 0 . 5 1 5 7 3 4  0 . 3 09440 0 . 07 7 3 60 0 . 0 40000 0 . 60 
0 . 5 3 7 9 80 0 . 3 2 2 7 88 0 . 080697 0 . 0 5 0 0 0 0  0 . 60 
0 . 542 7 69 0 . 3 2 5 6 6 1  0 . 08 1 4 1 5  0 . 0 60000 0 . 60 
0 . 5 4 1 43 9  0 . 3 2 4863 0 . 08 1 2 1 6  0 . 0 7 0 0 0 0  0 . 60 
0 . 540 0 1 6  0 . 3 2 40 1 0  0 . 08 1 002 0 . 080000 0 . 60 
0 . 5 3 9 5 3 2  0 . 3 2 3 7 1 9 0 . 08093 0 0 . 090000 0 . 6 0 
0 . 5 3 9 5 2 4 0 . 32 3 7 1 4 0 . 0809 2 8  0 . 1 0 0000 0 . 6 0 
0 . 847 1 9 6  0 . 67 7 7 5 6  0 . 1 6 943 9  0 . 0 1 00 0 0  0 . 80 
0 . 49 8 462 0 . 3 9 8 7 6 9  0 . 099 692 0 . 02 0000 0 . 80 
0 . 47 9 08 1 0 . 3 83 2 64 0 . 09 5 8 1 6  0 . 0 3 0000 0 . 80 
0 . 5 1 5 7 3 4  0 . 4 1 2 5 8 6  0 . 103 1 47 0 . 0 4000 0  0 . 8 0 
0 . 5 3 7 9 8 0 0 . 43 0 3 83 0 . 1 0 7 5 9 6  0 . 0 5 00 0 0  0 . 8 0 
0 . 542 7 6 9 0 . 43 42 1 5  0 . 1 08 5 5 4  0 . 0 6 0000 0 . 8 0 
0 . 5 4 1 43 9  0 . 43 3 1 5 1  0 . 1 08288 0 . 0 7 0000 0 . 80 
0 . 5400 1 6  0 . 43 2 0 1 3  0 . 1 08003 0 . 080000 0 . 80 
T ab l e  C . 4  ( c onti nued ) 
! 0 . 5 3 9 5 3 2  ! 0 . 43 1 62 5  0 . 1 0 7 9 0 6  0 . 0 9 0 000 
0 . 53 9 5 2 4  0 . 43 1 6 1 8  0 . 1 0 7 90 5  0 . 1 00 000 
0 . 847 1 9 6  0 . 847 1 9 5  0 . 2 1 1 7 9 9  0 . 0 10000 
0 . 49 8462 0 . 498 46 2  0 . 1 2 46 1 5  0 . 020000 
0 . 4 7 9 08 1 0 . 479080 0 . 1 19 7 70 0 . 03 0000 
0 . 5 1 5 7 3 4  0 . 5 1 5 7 3 3 0 . 1 2 8 9 3 3  0 . 0 40000 
0 . 5 3 7980 0 . 5 3 7 9 8 0  0 . 1 3 4495 0 . 050000 
0 . 542 7 6 9  0 . 5 42 7 6 8  0 . 1 3 5 6 9 2  0 . 0 60 00 0  
0 . 5 4 1 43 9  0 . 54143 9  0 . 1 3 5 3 60 0 . 0 70 000 
0 . 5400 1 6  0 . 5 40 0 1 6  0 . 1 3 5 004 0 . 080000 
0 . 5 3 9 5 3 2  0 . 5 3 9 53 2 0 . 1 3 48 8 3  0 . 090000 
0 . 5 3 9 5 2 4  0 . 5 3 9 5 2 3  0 . 1 3 488 1  0 . 1 00000 
AM=0 . 002 1 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 40 FT2/SEC ( O I L  SAE 1 0 ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T1 F1 C1 H 
! . ' LBF/FT2 ! 
- -
LBF __ ! _LBF- SEC/FT_ ! __ FT 
1 . 0 7 4 1 7 7  0 . 2 1483 5 0 . 0 5 3 7 0 9  0 . 0 1 0000 
1 . 18292 4 0 . 2 3 6585 0 . 0 5 9 1 46 0 . 02 0000 
1 . 2 1 1 8 9 1  0 . 2 42 3 7 8 0 . 0 6 0 5 9 5  0 . 03 0000 
1 . 2 0 6 45 1  0 . 2 41 2 9 0  0 . 0 603 2 3  0 . 040000 
1 . 2 0 6 5 9 8  0 . 2 41 3 2 0  0 . 0 60 3 3 0  0 . 050000 
1 . '2 0 6 6 7 3  0 . 2 41 3 3 5  0 . 0603 3 4  0 . 060000 
1 . 2 0 6 6 6 1  0 . 2 4 1 3 3 2  0 . 0603 3 3  0 . 0 7 0000 
1 . 2 0 6 6 6 1 0 . 2 4 1 3 3 2  0 . 0603 3 3  0 . 080000 
1 . 2 0 6 6 6 1  0 . 2 41 3 3 2  0 . 0 6 03 3 3  0 . 090000 
1 . 2 0 6 6 6 1 0 . 2 41 3 3 2  0 . 0 603 3 3  0 : 1 00000 
1 . 07 4 1 7 7  0 . 42 9 6 7 1  0 . 1 0 7 4 1 8  0 . 0 1 0000 
1 . 1 8 2 9 2 4  0 . 473 1 7 0 0 . 1 1 82 9 2  0 . 020000 
1 . 2 1 1 89 1 0 . 4847 5 6  0 . 1 2 1 1 8 9  0 . 03 0000 
1 . 2 0 645 1 0 . 482 580 0 . 1 2 0 6 45 0 . 040000 
1 . 2 0 6 5 9 8  0 . 482 63 9 0 . 1 2 0 6 6 0  0 . 05 0000 
1 . 2 0 6 6 7 3  0 . 482 669 0 . 1 2 0 6 6 7  0 . 0 60000 
1 . 20666 1 0 . 482 6 64 0 . 1 2 0 6 6 6  0 . 07 0000 
1 . 20666 1 0 . 482 665 0 . 1 2 0 6 6 6  0 . 080000 
1 . 20666 1 0 . 482 665 0 . 1 2 0 6 6 6  0 . 09 0000 
1 . 20666 1 0 . 482 665 0 . 1 2 0 6 6 6  0 . 1 00000 
1 . 0 7 4 1 7 7  0 . 6445 0 6  0 . 1 6 1 1 2 7  0 . 0 1 0000 
1 . 1 82 9 2 4  0 . 70975 5 0 . 1 7 743 9 0 . 020000 
1 . 2 1 1 89 1  0 . 72 7 1 3 5  0 . 1 8 1 7 8 4  0 . 03 0000 
1 . 2 0 645 1 0 . 7 2 3 87 1 0 . 1 8 0 9 6 8  0 . 040000 
1 . 2 0 6 5 9 8  0 . 72 3 9 5 9  0 . 1 80 9 9 0  0 . 0 5 0000 
186 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
SA 
FT2 -
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 .  2 0  
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
. ! 0 . 40 
0 . 40 
0 . 40 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
187 
Tab l e  C . 4  ( c ontinued ) I 
1 . 2 0 6 6 7 3  0 . 72 4004 0 . 1 8 10 0 1  0 . 0 60000 0 . 60 
1 . 2 0 6 6 6 1  0 . 7 2 3 9 9 7  0 . 1 80 9 9 9 0 . 0 7 0000 0 . 60 
1 . 2 0 6 6 6 1  0 . 7 2 3 9 9 6  0 . 1 80 9 9 9  0 . 0 8 0000 0 . 60 
1 . 2 0 6 6 6 1  0 . 72 3 99 7  0 . 1 80 9 9 9  0 . 0 9 00 0 0  0 . 60 
1 . 2 0 6 6 6 1  0 . 72 3 9 9 7  0 . 1 8 0 9 9 9  0 . 1 00000 0 . 60 
1 . 0 7 4 1 7 7  0 . 8 5 9 3 42 0 . 2 1 48 3 5  0 . 0 1 0000 0 . 80 
1 . 1 8 2 92 4 0 . 946340 0 . 2 3 6 5 8 5  0 . 020000 ! . 0 .  8 0  
1 . 2 1 1 89 1  0 . 9 6 9 5 1 3  0 . 2 42 3 7 8  0 . 0 3 0000 0 . 80 
1 . 2 0 645 1 0 . 9 6 5 1 6 1  0 . 2 41 2 9 0  -! 0 . 040000 ' 0 . 80 
1 . 2 06 5 9 8  0 . 9 6 5 2 7 9  0 . 2 4 13 2 0  0 . 0 5 0000 0 . 80 
1 . 2 0 6 6 7 3  0 . 9 65 3 3 8  0 . 2 4 1 3 3 5  0 . 0 6 0000 0 . 80 
1 . 2 0 66 6 1  0 . 9 65 3 2 9  0 . 2 41 3 3 2  0 . 0 70000 0 . 80 
1 . 2 0 6 6 6 1  0 . 9 65 3 2 9  0 . 2 41 3 3 2  0 . 0 80000 0 . 80 
1 . 2 0 6 6 6 1  0 . 9 6532 9 0 . 2 41 3 3 2  0 . 09 0000 0 . 80 
1 . 2 0 6 6 6 1  0 . 9 65 3 2 9  0 . 2 4 1 3 3 2  0 . 1 00000 0 . 80 
1 . 0 7 4 1 7 7  1 . 0 7 4 1 7 7  0 . 2 6 8 5 44 0 . 0 1 0000 1 . 00 
1 . 182 9 2 4  1 . 18292 5 0 . 2 9 5 7 3 1 0 . 02 0000 1 . 00 
1 . 2 1 1 89 1 1 . 2 1 1 89 2  0 . 3 0 2 9 7 3  0 . 0 3 0 000 1 . 00 
· 1 . 2 0 645 1 1 . 2 0 645 1 0 . 3 0 1 6 13 0 . 040000 1 . 00 
1 . 2 06 5 9 8  1 . 2 06598 0 . 3 0 1 65 0  0 . 05 0 000 1 . 00 
1 . 2 0 6 67 3  1 . 2 06673 0 . 3 0 1 6 68 0 . 0 60000 1 . 00 
1 . 2 0 6 6 6 1  1 . 2 06 6 6 1  0 . 3 0 1 6 65 0 . 0 7 0000 1 . 00 
1 . 2 0 6 6 6 1  1 . 2 06 6 6 1  0 . 3 0 1 6 65 0 . 080000 1 . 00 
1 . 2 0 6 6 6 1  . 1 .  2 0 6 6 6 1  0 . 3 0 1 6 6 5  0 . 09 0000 1 . 00 
1 . 2 0 6 6 6 1  1 . 2 0 6 6 6 1  0 . 3 0 1 6 65 0 . 1 00000 1 . 00 
AM=0 . 002 1 LBF - SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 40 FT2 /SEC ( O I L . SAE 1 0 ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 00 0  FT/SEC 
T 1  F 1  C 1  H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 -
1 . 43 7 2 4 1 ! 0 . 2 87 448 0 . 0 7 1 8 62 0 . 0 1 0000 0 . 2 0 
1 . 62 8 3 05 0 . 3 2 5 6 6 1  0 . 0 8 1 4 1 5  0 . 020000 0 . 2 0 
1 . 6 1 8 5 9 5  0 . 3 2 3 7 19 0 . 0 8 09 3 0  0 . 03 0000 0 . 2 0 
1 . 6 1 8 9 02 0 . 32 3 7 8 1  0 . 080945 0 . 040 0 0 0  0 . 2 0 
1 . 6 1 89 0 7  0 . 3 2 3 7 8 1  0 . 0 8 0 9 45 0 . 0 5 0 0 0 0  ! 0 . 2 0 
1 . 6 1 8 9 0 5  0 . 32 3 78 1  0 . 0 8 0 9 45 0 . 0 6 0 0 0 0  0 . 2 0 
1 . 6 1 89 0 5  0 . 32 3 7 8 1  0 . 080945 0 . 0 7 0 0 0 0  0 . 2 0 
1 . 6 1 8 9 0 5  0 . 3 2 3 7 8 1  . 0 .  080945 0 . 080000 0 . 2 0 
1 . 6 1 89 0 5  0 . 32 3 7 8 1  0 . 0 8 0 9 45 0 . 0 9 0 0 0 0  0 . 2 0 
1 . 6 1 89 05 0 . 3 2 3 7 8 1  0 . 0 8 0 9 45 0 . 1 00000 0 . 2 0 
1 . 43 7 2 4 1  0 . 57 489 6 0 . 1 43 72 4 0 . 0 1 0000 0 . 40 
1 . 62 8 3 0 5  0 . 6 5 1 3 2 2  0 . 1 6 2 83 1 0 . 02 0000 0 . 40 
188 
T ab l e  C . 4  ( c ontinued ) 
1 . 6 1 8 5 9 5  ! 0 . 64743 8 0 . 1 6 1 8 5 9  0 . 03 0000 0 . 40 
1 . 6 1 8 9 02 0 . 6475 6 1  0 . 1 6 1 8 9 0  0 . 040000 0 . 40 
1 . 6 1 8 9 0 7  0 . 647 5 63 0 . 1 6 1 89 1  0 . 0 5 0000 0 . 40 
1 . 6 18 9 0 5  0 . 6475 62 0 . 1 6 1 8 9 0  0 . 0 60000 0 . 40 
1 . 6 18 9 0 5  0 .  6 47 5 62" 0 . 1 6 1 8 9 0  0 . 0 7 00 0 0  0 . 40 
1 . 6 1 8 9 0 5  0 . 647 5 62 0 . 1 6 1 89 1  0 . 080000 0 . 40 
1 . 6 1 89 05 0 . 647 5 62 0 . 1 6 18 9 1 0 . 0 9 0 00 0  0 . 40 
1 . 6 1 8 9 0 5  0 . 647 5 6 2  0 . 1 6 18 9 1 0 . 1 00000 0 . 40 
1 . 43 7 2 4 1  0 . 8 62 3 45 0 . 2 1 5 5 8 6  0 . 0 1 0000 0 . 60 
1 . 62 8 3 0 5  0 . 9 7 69 8 4  . 0 . 2 442 46 0 . 02 0 00 0  0 . 60 
1 . 6 1 8 5 9 5  0 . 9 7 1 1 5 8  0 . 2 42 7 8 9  0 . 03 0 0 0 0  0 . 60 
1 . 6 1 89 02 0 . 9 7 1 3 42 0 .  2 42 83 6  0 . 040000 0 . 60 
1 . 6 1 89 0 7  0 . 9 7 1 3 44 0 . 2 42 83 6 0 . 0 5 0 0 0 0  0 . 60 
1 . 6 1 89 0 5  0 . 9 7 1 3 43 0 . 2 42 83 6  0 . 0 60 0 0 0  0 . 60 
1 . 6 1 8 9 0 5  0 . 9 7 13 44 0 . 2 42 8 3 6 0 . 0 7 00 0 0  0 . 6 0 
1 . 6 1 8 9 0 5  0 .  9 7 13·44 0 . 2 42 83 6 0 . 080000 0 . 6 0 
1 . 6 1 8 9 0 5  0 . 9 7 1 3 44 0 .  2 42 83 6 0 . 0 9 00 0 0  0 . 60 
1 . 6 1 8905 0 . 9 7 1 3 44 0 . 2 42 83 6  0 . 1 00000 0 . 60 
1 . 43 72 4 1  1 . 1 49 7 9 4  0 . 2 8 7 448 0 . 0 1 00 0 0  0 . 80 
1 . 62 8 3 0 5  1 . 3 02 645 0 . 3 2 5 6 6 1  0 . 0 2 0 0 0 0  0 . 80 
1 . 6 1 8 5 9 5  1 . 2 9 48 7 6  0 . 3 2 3 7 1 9  0 . 0 3 0 0 0 0  0 . 80 
1 . 6 1 8 902 1 . 2 9 5 12 3  0 . 3 2 3 7 8 1  0 . 040000 0 . 80 
1 . 6 1 8 9 0 7  1 . 2 9 5 12 6  0 . 3 2 3 7 8 1  0 . 0 5 00 0 0  0 . 80 
1 . 6 1 8 9 05 1 . 2 9 5 12 4  0 . 3 2 3 7 8 1  0 . 0 6 0 0 0 0  0 . 8 0 
1 . 6 18 9 05 1 . 2 9 5 12 4  0 . 3 2 3 7 8 1  0 . 0 7 0 0 0 0  0 . 80 
1 . 6 1 8 9 0 5  1 . 2 9 5 12 4  0 . 3 2 3 7 8 1  0 . 0 8 0 0 0 0  0 . 80 
1 . 6 1 8 9 0 5  1 . 2 9 5 1 2 4  0 . 3 2 3 7 8 1  0 . 0 9 0 0 0 0  0 . 80 
1 . 6 18 9 0 5  1 . 2 9 5 12 4  0 . 3 2 3 7 8 1  0 . 100000 0 . 80 
1 . 43 7 2 4 1  1 . 43 7242 0 . 3 5 9 3 1 1  0 . 0 1 0000 1 . 0 0 
1 . 62 8 3 0 5  1 . 62 83 0 6  0 . 407 0 7 7  0 . 02 0000 1 . 0 0 
1 . 6 1 8 5 9 5  1 . 6 1 8 5 9 6  0 . 404649 0 . 0 3 0 0 0 0  1 . 00 
1 . 6 1 8 9 02 1 . 6 1 8904 0 . 4047 2 6  0 . 0 4 0 0 0 0  1 . 00 
1 . 6 1 8 9 0 7  1 . 6 1 8907 0 . 404 7 2 7 0 . 0 5 0 0 0 0  1 . 00 
1 . 6 1 8905 1 . 6 1 8906 0 . 40472 7 0 . 0 60 0 0 0  1 . 00 
1 . 6 1 8905 1 . 6 1 8906 0 . 404 7 2 7 0 . 0 7 0 0 0 0  1 . 0 0 
1 . 6 1 8905 1 . 6 1 8906 0 . 4047 2 7  0 . 080000 1 . 00 
1 . 6 1 8 9 0 5  1 . 6 1 89 0 6  0 . 40472 7 0 . 0 9 0 0 0 0  1 . 00 
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Figure C .  3 DAMPER COEFFICIENT VS FLUID HEIGHT ( WATER ) .  
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T ab l e  C . 5 
AM=0 . 00 2 0 9 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 400 FT2/ SEC ( O I L  SAE 1 0 ) 
W= 1 0 . 00 0  RAD/SEC 
A= 4 . 000 FT/SEC 
! T2 F2 C2 H SA 
! _LBF/FT2_ ! LBF ! LBF- SEC/FT ! FT -- - - -- FT2 - -
0 . 83 5 1 9 5  0 . 1 6703 9  0 . 0 4 1 7 60 0 . 0 1 00 00 0 . 2 0 
0 . 41 1 6 8 1  0 . 082 3 3 6 0 . 02 0 5 8 4  0 . 020000 0 . 2 0 
0 . 2 5 89 5 9  0 . 0 5 1 792 0 . 0 12 9 48 0 . 03 0000 0 . 2 0 
0 . 1 7 0004 0 . 03 400 1 0 . 008500 0 . 040000 0 . 2 0 
0 . 1 099 7 7  0 . 02 1 9 9 5  0 . 005 49 9  0 . 05000 0  0 . 2 0 
0 . 0 6 9 9 8 8  0 . 0 1 3 9 9 8  0 . 003 49 9 0 . 060000 0 .  20 
0 . 0442 8 6  0 . 0088 5 7  0 . 002 2 14 0 . 0 70000 0 . 2 0 
0 . 02 8 0 2 0  0 . 005 604 0 . 00 1 40 1  0 . 080000 0 . 2 0 
0 . 0 1 7 744 0 . 003 549 0 . 000887 0 . 090000 0 . 2 0 
0 . 0 1 12 41 0 . 002 2 48 0 . 0 00 5 62 0 . 10000 0  0 . 2 0 
0 . 83 5 1 9 5  0 . 3 3 407 7 0 . 083 5 19 0 . 0 1 0000 0 . 40 
· a . 41 1 68 1  0 . 1 64672 0 . 0 4 1 1 68 0 . 020000 0 . 40 
0 . 2 5 8 9 5 9  0 . 103584 0 . 02 5 8 9 6  0 . 03 0000 0 . 40 
0 . 1 7 0004 0 . 0 68002 0 . 0 1 7 000 0 . 040000 0 . 40 
0 . 1 0 9 9 7 7  0 . 043 99 1  0 . 0 1 0 9 9 8  0 . 050000 0 . 40 
0 . 0 6 9 9 8 8  0 . 02 7995 0 . 00 6 9 9 9  0 . 060000 0 . 40 ! . 
0 . 0442 8 6  0 . 0 1 7 7 1 4 · o . oo442 9 0 . 0 7 0000 0 . 40 
0 . 028020 0 . 0 1 1208 ! 0 . 002 802 0 . 080000 0 . 40 
0 . 0 1 7 7 44 0 . 007097 0 . 0 0 1 7 7 4  0 . 090000 0 . 40 
0 . 0 1 1 2 4 1  0 . 00449 6 0 . 0 0 1 12 4  0 . 1 00000 0 . 40 
0 . 83 5 1 9 5  0 . 5 0 1 1 1 7 0 . 12 5 2 7 9  0 . 0 1 0000 0 . 60 ' 
0 . 41 1 68 1  0 . 2 47009 0 . 0 6 1 7 5 2  0 . 020000 0 . 6 0 
0 . 2 5 8 9 5 9  0 . 1 5 5 3 7 5  0 . 03 8844 0 . 03 0000 0 . 6 0 
0 . 1 7 0004 0 . 1 02003 0 . 02 5 5 0 1  0 . 040000 0 . 6 0 
0 . 1 0 9 9 7 7  0 . 065 986 0 . 0 1 649 7 0 . 0 5 0 000 0 . 60 
0 . 0 6 9 9 88 0 . 0 4 1 9 9 3  0 . 0 1 049 8 0 . 0 60000 0 . 60 
0 . 0442 8 6  0 . 02 65 7 1  0 . 006 643 0 . 07 0000 0 . 60 
0 . 02 8 02 0 0 . 0 1 68 12 0 . 0042 03 0 . 080000 0 . 6 0 
0 . 0 1 7 7 4 4  0 . 0 1 0 6 46 0 . 002 6 62 0 . 09 0000 0 . 6 0 
0 . 0 1 12 4 1  0 . 00 6 7 45 0 . 0 0 1 6 8 ?  0 . 1 00000 0 . 6 0 
0 . 83 5 1 9 5  0 . 668 1 5 5  0 . 1 6 7 0 3 9  0 . 0 1 0000 0 . 80 
0 . 41 1 68 1  0 . 3 2 9 3 45 0 . 082 3 3 6  0 . 02 0000 0 . 80 
0 . 2 5 8 9 5 9  0 . 207 1 6 7 0 . 0 5 1 7 9 2  0 . 03 0000 0 . 8 0 
0 . 1 7 0004 0 . 13 6003 0 . 0 3 40 0 1  0 . 0 40000 0 . 8 0 
0 . 109 9 7 7  0 . 087 982 0 . 02 1 9 95 0 . 050000 0 . 8 0 
0 . 0 6 9 9 8 8  0 . 0 5 5 9 9 0  0 . 0 1 3 9 9 8 0 . 0 6 0000 0 . 80 
0 . 0442 8 6  0 . 0 3 5 42 9  0 . 008 8 5 7  0 . 0 7 0000 0 . 8 0 
0 . 02 8020 0 . 022 4 1 6  0 . 005 6 0 4  0 . 080000 0 . 80 
T ab l e  C . 5  ( continued ) 
! 0 . 0 1 7 744 ! 0 . 0 1 4 1 9 5  
0 . 0 1 12 4 1  0 . 008993 
0 . 83 5 19 5  
0 . 41 1 6 8 1  
0 . 2 58 9 5 9  
0 . 1 70004 
0 . 1 0 9 9 7 7  
0 . 0 6 9 9 8 8  
0 . 0442 8 6  
0 . 02 8020 
0 . 0 1 7 7 44 
0 . 0 1 12 4 1  
0 . 83 5 1 9 4  
0 . 41 1 68 1  
0 . 2 5 8 9 5 9  
0 . 1 70004 
0 . 1 09 9 7 7  
0 . 069988 
0 . 0442 8 6  
0 . 028020 
0 . 0 1 7 7 44 
0 . 0 1 12 4 1  
0 . 003 5 4 9  
0 . 002 2 48 
0 . 2 0 8 7 9 9  
0 . 1 02 9 2 0  
0 . 0 64 7 40 
0 . 042 50 1  
0 . 02 7 49 4  
0 . 0 1 7 49 7  
0 . 0 1 1 0 7 1 
0 . 007005 
0 . 00443 6 
0 . 002 8 1 0  
AM=0 . 002090 LBF - SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 40 0  FT2/SEC ( O I L  SAE 1 0 ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 9 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 05 0000 
0 . 0 60000 
0 . 0 7 0000 
0 . 080000 
0 . 09 0000 
0 . 100000 
T2 F2 C2 H 
! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ 
0 . 8 1 6478 
0 . 3 1 03 0 1  
0 . 1 1 3 1 89 
0 . 040 6 9 8  
0 . 0 1 4667 
0 . 0052 8 6  
0 . 00 1 9 0 5  
0 . 000686 
0 . 0002 47 
0 . 000089 
0 . 8 1 64 7 8  
0 . 3 1 03 0 1  
0 . 1 1 3 1 8 9  
0 . 040698 
0 . 0 1 46 6 7  
0 . 00 5 2 8 6  
0 . 0 0 1 905 
0 . 000 686 
0 . 000247 
0 . 000089 
0 . 8 1 64 7 8  
0 . 3 1 03 0 1  
0 . 1 1 3 189 
0 . 040 6 9 8  
0 . 0 1 4 667 
0 . 1 63 2 9 6  
0 . 062060 
0 . 02 2 63 8  
0 . 008 1 40 
0 . 002 9 3 3  
0 . 00 1 0 5 7  
0 . 0003 8 1  
0 . 000 1 3 7  
0 . 000049 
0 . 0000 1 8  
0 . 3 2 6 5 9 1  
0 . 1 2 4 1 2 0  
0 . 045 2 7 6  
0 . 0 1 62 79 
0 . 00 5 8 6 7  
0 . 002 1 1 4 
0 . 000 7 62 
0 . 0002 7 5  
0 . 000099 
0 . 00003 6 
0 . 489887 
0 . 1 8 6 1 80 
0 . 0679 1 4  
0 . 02 44 19 
0 . 008800 
0 . 04082 4 
0 . 0 1 5 5 1 5  
0 . 005 6 5 9  
0 . 002 0 3 5  
0 . 0007 3 3  
0 . 0002 64 
0 . 000095 
0 . 00003 4 
0 . 000 0 1 2  
0 . 000004 
0 . 08 1 648 
0 . 03 1 0 3 0  
0 . 0 1 1 3 1 9  
0 . 004070 
0 . 00 1 46 7  
0 . 0005 2 9  
0 . 000 1 90 
0 . 000069 
0 . 00002 5 
0 . 000009 
0 .  122 472 
0 . 046545 
0 . 0 1 6 9 7 8  
0 . 006 1 0 5  
0 . 002 200 
0 . 0 10000 
0 . 02 0000 
! 0 . 03 0000 
0 . 040000 · 
0 . 05 0000 
0 . 060000 
0 . 0 7 0000 
0 . 080000 
0 . 090000 
0 . 1 00000 
0 . 0 1 0000 
0 . 020000 
0 . 03 0000 
0 . 0 40000 
0 . 0 5 0 00 0  
0 . 060000 
0 . 0 7 0000 
0 . 080000 
0 .  09 0oo·o 
0 . 1 00000 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 05 0000 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 




0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 60 
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T ab l e  C . 5  ( c ontinued ) 
0 . 005 2 8 6  0 . 003 1 72 0 . 000 7 9 3  0 . 0 60000 0 . 60 
0 . 00 1 9 0 5  0 . 0 0 1 1 43 0 . 0002 8 6  0 . 070000 0 . 60 
0 . 0006 8 6  0 . 0 00412 0 . 000 1 0 3  0 . 080000 0 . 60 
0 . 0002 47 0 . 000 1 48 0 . 00003 7 .o . 0 9 0000 0 . 60 
0 . 000089 0 . 00005 3  0 . 0000 1 3  0 . 1 0 0000 0 . 60 
0 . 8 1 6478 0 . 6 5 3 1 8 3  0 . 1 63 2 9 6  0 . 0 1 0000 0 . 80 
0 . 3 10 3 0 1  0 . 2 482 4 1  0 . 0 62 0 6 0  0 . 020000 0 . 80 
0 . 1 1 3 1 8 9  0 . 090552 0 . 02 2 63 8  0 . 0 3 0000 ' 0 . 80 
0 . 0406 9 8  0 . 03 2 5 5 9  0 . 008 1 40 0 . 040000 0 . 80 
0 . 0 1 4 6 6 7  0 . 0 1 1 7 3 4 0 . 002 9 3 3  0 . 0 5 00 0 0  0 . 80 
. 0 . 00 5 2 8 6  0 . 0042 2 9  0 . 00 1 05 7  0 . 0600 0 0  0 . 80 
0 . 0 0 1 9 05 0 . 00 1 5 2 4  0 . 0003 8 1  0 . 0 7 0000 0 . 80 
0 . 0006 8 6  0 . 000549 0 . 0 00 1 3 7  0 . 080000 0 . 8 0 
0 . 000 2 47 0 . 000 1 9 8  0 . 000049 0 . 090000 0 . 80 
0 . 000089 0 . 0000 7 1 0 . 0000 1 8  0 . 100000 0 . 80 
0 . 8 1 6478 0 . 8 1 647 8 0 . 2 04 1 2 0 0 . 0 1 0000 1 . 00 
0 . 3 10 3 0 1  0 . 3 1 03 0 1  0 . 0 7 7 5 7 5  0 . 02 0000 1 . 00 
0 . 1 1 3 189 0 . 1 1 3 1 8 9  0 . 0282 9 7  0 . 0 3 0000 1 . 00 
0 . 040 6 9 8  · 0 . 040 6 9 8  0 . 0 1 0 1 7 5  0 . 040000 1 . 00 
0 . 0 1 4667 0 . 0 146 6 7  0 . 003 6 6 7  0 . 050000 1 . 00 
0 . 005 2 8 6  0 . 005 2 8 6  0 . 00 1 3 2 1 0 . 060000 1 . 00 
0 . 00 1905 0 . 0 0 1 9 0 5  0 . 00047 6 0 . 0 7 0000 1 . 00 
0 . 000686 0 . 000686 0 . 000 1 72 ! 0 . 080000 1 . 00 
0 . 000247 0 . 000247 0 . 000062 0 . 090000 · 1 . 00 
0 . 000089 0 . 000089 0 . 00002 2 0 . 1 00000 1 . 00 
AM=0 . 002 090 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002400 FT2 /SEC ( O I L  SAE 1 0 ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T2 F2 C2 H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 -
0 . 7 7 68 7 8  0 . 1 5 5 3 7 5  0 . 0 3 8 8 44 0 . 0 1 0000 0 . 2 0 
0 . 2 0 9 9 6 4  0 . 041993 0 . 0 1 0498 0 . 020000 0 . 2 0 
0 . 0 5 3 2 3 1  0 . 0 1 0 646 0 . 002 662 0 . 0 3 0000 0 . 2 0 
0 . 0 1 3 5 3 7  0 . 002 7 0 7  0 . 000 6 7 7  0 . 0 40 0 00 0 . 2 0 
0 . 003 442 0 . 000688 0 . 000 1 7 2 0 . 050000 0 . 2 0 
0 . 0008 7 5  0 . 000 1 7 5  0 . 000044 0 . 0 60000 0 . 2 0 
0 . 0002 2 3  0 . 000045 0 . 0000 1 1  0 . 0 7 00 0 0  0 . 2 0 
0 . 000057 0 . 0000 1 1  0 . 000003 0 . 080000 0 . 2 0 
0 . 0000 1 4  0 . 000003 0 . 00000 1 0 . 0 9 0 0 0 0  0 . 2 0 
0 . 000004 0 . 00000 1 0 . 000000 0 . 1 0 0 0 0 0  0 . 2 0 
0 . 7 7 6 8 7 8  0 . 3 1 07 5 1  0 . 0 7 7 688 0 . 0 1 0 0 0 0  0 . 40 
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Figure C .  4 DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 10 ) .  
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Tab l e  C . 6 
AM=0 . 00002 0 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0000 13 FT2/SEC ( WATER ) 
W= 10 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
Tl F1 Cl H 
FT ! _LBF/FT2_ ! LBF ! LBF - SEC/FT ! 
-- - - --
0 . 070 1 65 0 . 0 1403 3  0 . 003 508 0 . 0 1 0000 
0 . 070 1 65 0 . 0 1403 3 0 . 003 508 0 . 02 0000 
0 . 070 1 65 0 . 0 1403 3 0 . 003 5 08 0 . 03 0000 
0 . 070 1 65 0 . 0 1403 3  0 . 003 508 0 . 040000 
0 . 07 0 1 65 0 . 0 1403 3 0 . 003 508 0 . 05 0000 
0 . 07 0 1 65 0 . 0 1 4033 0 . 003 508 0 . 060000 
0 . 07 0 1 65 0 . 01403 3 0 . 003 508 0 . 070000 
0 . 0000 0 1  0 . 000000 0 . 000000 0 . 080000 




0 . 2 0 
0 . 20 
0 . 20 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
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Tab l e  C . 7 
AM=0 . 00 002 0 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 0 0 1 3  FT2/SEC ( WATER ) 
W= lO . OOO RAD/SEC 
A= 4 . 0 0 0  FT/SEC 
T2 F2 C2 H SA 
! _LBF/FT2_ ! LBF ! LBF- SEC/FT ! FT FT2 -- - - -- - -
0 . 0002 84 0 . 000057 0 . 0000 1 4  0 . 0 1 0000 0 . 2 0 
0 . 000001 0 . 000000 0 . 000000 0 . 02 0000 0 . 2 0 
0 . 000000 0 . 000000 0 . 000000 0 . 03 0000 0 . 2 0 
0 . 000000 0 . 000000 0 . 000000 0 . 0 40 000 0 . 2 0 
0 . 000000 0 . 000000 0 . 000000 0 . 0 5 0000 0 . 2 0 
0 . 000000 0 . 000000 0 . 000000 · o . 0 6 oooo 0 . 2 0 
0 . 000000 0 . 000000 0 . 000000 0 . 0 7 0000 0 . 2 0 
0 . 0 00000 0 . 0 0 0000 0 . 0 0 00 00 0 . 080000 0 .  2 0  
0 . 0 0 0000 0 . 000000 0 . 000000 0 . 09000 0  0 . 2 0 
0 . 000000 0 . 000000 0 . 000000 0 . 100000 0 . 2 0 
0 . 0002 8 4  0 . 000 1 1 4 0 . 00002 8 0 . 0 1 0000 0 . 40 
·o . ooooo 1 0 . 000000 0 . 000000 0 . 02 0000 0 . 40 ' 
0 . 000000 0 . 0 0 0000 0 . 000000 0 . 03 0000 0 . 40 
0 . 000000 0 . 000000 0 . 000000 0 . 040000 ' 0 . 40 
0 . 000000 0 . 00000 0  0 . 000000 0 . 05 0 00 0  0 . 40 
0 . 000000 0 . 000000 0 . 000000 0 . 0 60000 0 . 40 
0 . 000000 0 . 000000 0 . 000000 0 . 0 7 0000 0 . 40 
0 . 000000 0 . 000000 0 . 000000 0 . 080000 0 . 40 
0 . 000000 0 . 000000 0 . 000000 0 . 090000 0 . 40 
0 . 000000 0 . 000000 0 . 000000 0 . 1 0 0 00 0. 0 . 40 
0 . 000284 0 . 000 1 7 1  0 . 000043 0 . 0 1 0 0 0 0  0 . 6 0 
0 . 00000 1 0 . 000000 0 . 000000 0 . ·02 0 000 0 . 60 
0 . 000000 0 . 000000 0 . 000000 0 . 03 0000 0 . 6 0 
0 . 000000 0 . 000000 0 . 000000 0 . 040000 0 . 6 0 
0 . 000000 0 . 000000 0 . 000000 0 . 0 5 0000 0 . 60 
0 . 000000 0 . 000000 0 . 000000 0 . 0 60 0 0 0  0 . 6 0 
0 . 000000 0 . 000000 0 . 000000 0 . 070000 0 � 6 0 
0 . 000000 0 . 000000 0 . 000000 0 . 080000 0 . 60 
0 . 000000 0 . 000000 0 . 000000 0 . 090000 0 . 6 0 
0 . 000000 0 . 000000 0 . 000000 0 . 1 00000 0 . 6 0 
0 . 0002 84 0 . 0002 2 7  0 . 0000 5 7  0 . 0 1 00 0 0  0 . 8 0 
0 . 00000 1 0 . 000000 0 . 000000 0 . 02 0000 0 . 8 0 
0 . 000000 0 . 000000 0 . 000000 0 . 03 0 000 0 . 8 0 
0 . 000000 0 . 000000 0 . 000000 0 . 040000 0 . 8 0 
0 . 000000 0 . 000000 0 . 000000 0 . 050000 0 . 8 0 
0 . 00 0000 0 . 000000 0 . 000000 0 . 0 6 0 0 0 0  0 . 8 0 
0 . 000000 0 . 000000 0 . 000000 0 . 0 7 0 0 0 0  0 . 8 0 
0 . 000000 0 . 000000 0 . 000000 0 . 0 8 0 0 0 0  0 . 8 0 
T ab l e  C . 7  ( c ont inued ) 
! a·. oooooo ! 0 . 000000 0 . 000000 0 . 0 9 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 1 00000 
0 . 0002 84 0 . 0002 84 0 . 00007 1  0 . 0 1 0000 
0 . 0000 0 1  0 . 0000 0 1  0 . 000000 0 . 02 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 03 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 040000 
0 . 000000 0 . 000000 0 . 000000 0 . 0 50000 
0 . 000000 0 . 0 00000 0 . 000000 0 . 0 60000 
0 . 000000 0 . 000000 0 . 000000 0 . 0 7 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 080000 
0 . 000000 0 . 000000 0 . 000000 0 . 0 9 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 1 00000 
AM=0 . 00002 0 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0000 1 3  FT2 /SEC ( WATER ) 
W=S O . OOO RAD/SEC 
A= 4 . 000 FT/SEC 
T2 F2 C2 H 
! . LBF/FT2 ! - - LBF __ ! _LBF- SEC/FT_ ! _FT 
0 . 000000 o . ooooop 0 . 000000 0 . 0 1 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 02 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 03 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 040000 
0 . 000000 0 . 000000 0 . 000000 0 . 050000 
0 . 000000 0 . 000000 0 . 000000 0 . 0 60000 
0 . 000000 0 . 000000 0 . 000000 0 . 0 7 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 080000 
0 . 000000 0 . 000000 0 . 000000 0 . 090000 
0 . 000000 0 . 000000 0 . 000000 0 . 1 00000 
0 . 000000 0 . 000000 0 . 000000 0 . 0 1 0000 
0 . 000000 0 . 000000 0 . 000000 0 . 020000 
0 . 000000 0 . 000000 0 . 000000 0 . 03 0000 
0 . 000000 !· 0 . 000000 0 . 000000 0 . 040000 
0 . 000000 0 . 000000 0 . 000000 0 . 050000 
0 . 000000 0 . 000000 0 � 000000 0 . 0 60000 
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0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 ' 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
SA 
FT2 - -
0 . 2 0 
0 . 2 0 ' 
0 . 2 0  
0 . 2 0  
0 . 2 0 
0 . 2 0 
0 . 2 0  
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
1 98 
APPENDIX D 
BOTH ENDS OF THE DAMPER 
ARE EXCITED BY IN PHASE PERIODIC MOTIONS 
TABLES & PLOTS 
.. 
j 
Tab l e  D . l 
AM=0 . 0083 50 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 5 8 000 FT2/SEC ( O I L  SAE 3 0 ) 
W=1 0 . 00 0  RAD/SEC 
A= 4 . 000 FT/SEC 
T F C H SA 
199 
! _LBF/FT2 _ ! __ LBF __ · ! _LBF- SEC/FT_ ! __ FT __ _ FT2_ 
0 . 2 8 78 8 7  0 . 05 7 5 7 7  0 . 0 1 43 9 4  0 . 0 1 0000 0 . 2 0 
0 . 5 7 4 5 3 5  0 . 1 1 4907 0 . 02 8 7 2 7  0 . 02 0000 0 . 2 0 
0 . 853 8 69 0 . 1707 7 4  0 . 042 6 9 3  0 . 03 0000 0 . 2 0 
1 . 1 1 1 49 8  0 . 222 3 00 0 . 0 5 5 5 7 5  0 . 040000 0 . 20 
1 . 3 2 5 9 5 9  0 . 2 65 1 92 0 . 0 6 6 2 9 8  0 . 050000 0 . 2 0 
1 . 47 7 6 1 0  0 . 2 9 5 52 2  0 . 073 880 0 . 060000 0 . 2 0 
1 . 5 60 404 0 . 3 1208 1 " 0 . 0 7 8 02 0 0 . 070000 0 . 2 0 
1 . 5 8 5 1 0 7  0 . 3 1 7 02 1 0 . 0 7 9 2 5 5  0 . 080000 0 . 2 0 
1 . 5 7 1 5 43 0 . 3 1 43 0 8  0 . 0 7 8 5 7 7  0 . 0 9 0000 0 . 2 0 
1 . 53 8 8 45 0 . 3 07 7 6 9  0 . 0 7 6 9 42 0 . 100000 0 . 2 0 
0 . 2 8 7 8 8 7  
0 . 5 7 45 3 5  
0 . 8 5 3 8 6 9  
1 � 1 1 1 4 9 8  
1 . 3 2 5 9 5 9  
1 . 47 7 6 1 0 
1 . 5 60 40 4  
1 . 5 8 5 1 0 7 
1 . 5 7 1 5 43 
1 . 5 3 8845 
0 . 2 87 88 7  
0 . 5 7 45 3 5  
0 . 8 5 3 8 6 9  
1 . 1 1 1 49 8  
1 . 3 2 5 9 5 9  
1 . 47 7 6 1 0 
1 . 5 6 0 404 
1 . 5 8 5 1 0 7  
1 . 5 7 1 5 43 
1 . 5 3 8845 
0 . 2 8 7 88 7  
0 . 5 7 45 3 5  
0 . 8 5 3 8 6 9  
1 . 1 1 1 4 9 8  
1 . 3 2 5 9 5 9  
1 . 47 7 6 1 0 
1 . 5 6 0404 
1 . 5 8 5 1 0 7  
0 . 1 1 5 1 55 
0 . 2 2 9 8 14 
0 .  3 4 1 5
.
48 
0 . 4445 9 9  
0 . 5 3 03 83 
0 . 5 9 1044 
0 . 62 4 1 6 1  
0 . 63 4043 
0 . 62 8 6 1 7  
0 . 6 15 5 3 8  
0 . 1 72 7 32 
0 .  3 4472 1 
0 . 5 1 2 3 2 2  
0 . 6 6 6899 
0 . 7 9 5 5 7 5  
0 . 8865 6 6  
0 . 93 62 42 
0 . 9 5 1064 
0 . 9 42 9 2 5  
0 . 9 2 3 3 08 
0 . 2 3 03 1 0  
0 . 45 9 62 8  
0 . 68 3 0 9 6  
0 . 889 1 9 8 
1 . 06 07 67 
1 . 182 088 
1 . 2 48322 
1 . 2 68085 
0 . 02 8 7 8 9  
0 . 057453 
0 . 0 85 3 8 7  
0 . 1 1 1 1 5 0  
0 . 1 3 2 5 9 6  
0 . 1 47 7 6 1  
0 . 1 5 6040 
0 . 1 5 8 5 1 1  
0 . 1 5 7 1 5 4  
0 . 1 5 3 8 8 5 
0 . 043 1 8 3  
0 . 0 8 6 1 8 0  
0 . 1 2 8080 
0 . 1 6 6 7 2 5 
0 . 1 9 8 8 9 4  
0 . 2 2 1 642 
0 . 2 3 40 6 0  
0 . 2 3 7 7 6 6 
0 . 2 3 5 7 3 1 
0 . 2 3 082 7 
0 . 05 7 5 7 7  
0 . 1 1 49 0 7  
0 . 1 7 0 7 7 4  
0 . 2 2 2 3 00 
0 . 2 6 5 1 92 
0 . 2 9 5 5 22 
0 . 3 1 2 0 8 1  
0 . 3 1 7 02 1 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 050000 
0 . 0 60000 
0 . 0 70000 
0 . 080000 
0 . 090000 
0 . 100000 
0 . 0 1 0000 
0 . 020000 
0 . 03 0000 
0 . 040000 
0 . 0 5 00 0 0  
0 . 0 6 0000 
0 . 0 7 0000 
0 . 080000 
0 . 090000 
0 . 1 00000 
0 . 0 1 0000 
0 . 020000 
0 . 03 0000 
0 . 0 40000 
0 . 0 5 0000 
0 . 0 6 0000 
0 . 0 7 0000 
0 . 080000 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 8 0 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
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T ab l e  D . 1 ( c onti�ued ) 
1 . 5 7 1 5 43 1 . 2 5 7 2 3 4 0 . 3 1 43 0 8  0 . 09 0000 0 . 80 
1 . 5 3 8845 1 . 2 3 1077 0 . 3 0 7 7 69 0 . 100000 0 . 80 
0 . 2 8 78 8 7  0 . 2 8 7887 0 . 0 7 1 9 7 2  0 . 0 1 0000 1 . 00 
0 . 5 7 45 3 5  0 . 5 7 453 5 0 . 1 43 63 4  0 . 02 0000 1 . 00 
0 . 85 3 8 6 9  0 . 8 5 3 8 7 0  0 . 2 1 3 4 6 7  0 . 03 0000 1 . 00 
1 . 1 1 1 49 8  1 . 1 1 1498 0 . 2 7 7 8 7 5  0 . 040000 1 . 00 
1 . 3 2 5 9 5 9  1 . 3 2 5 9 5 9  0 . 3 3 1 49 0  0 . 05 0000 1 . 00 
1 . 47 7 6 1 0  1 . 47 7 6 1 0  0 . 3 69 40 3  0 . 0 6 0000 1 . 00 
1 . 5 60404 1 . 5 6040 3  0 . 3 9 0 1 0 1  0 . 07 0000 1 . 00 
1 . 5 8 5 1 0 7  1 . 585 107 0 . 3 9 6 2 7 7  0 . 080000 1 . 00 
1 . 5 7 1 5 43 1 . 5 7 1 543 0 . 3 9 2 8 8 6  0 . 090000 1 . 00 
1 . 5 3 8845 1 . 5 3 8846 0 . 3 84 7 12 0 . 1 00000 1 . 00 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW } 
V=0 . 00 5 8000 FT2/SEC ( O I L  SAE 3 0 ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _. LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 
- -
1 . 43 4483 0 . 2 8 6 8 9 6  0 . 07 1 7 2 4  0 . 0 1 0000 0 . 2 0 
2 . 72 693 7 0 . 5 45 3 88 0 . 13 6 3 47 0 . 0 2 0000 0 . 2 0 
3 . 4502 3 8  0 . 690048 0 . 1 7 2 5 12 0 . 03 0 000 0 .  2 0  
3 . 5 1 72 4 1  0 . 703 448 0 . 1 7 5 8 62 0 . 040000 0 . 2 0 
3 . 3 4043 8 0 . 668087 0 . 1 6 7 02 2  0 . 050000 0 . 2 0 
3 . 1 8 6 5 5 9  0 . 63 73 1 2  0 . 1 5 9 3 2 8  0 . 060000 0 . 2 0 
3 . 1 08402 0 . 62 1 68 0  0 . 1 5 5 42 0  0 . 0 7 0000 0 . 2 0 
3 . 08445 8 0 . 6 1 689 1 0 . 1542 2 3  0 . 080000 0 . 2 0 
3 . 085468 0 . 6 1 7 094 0 . 1 5 42 73 0 . 090000 0 . 2 0 
3 . 09 2 72 8  0 . 6 1 8 5 46 0 . 1 5 463 6 0 . 1 00000 0 . 2 0 
1 . 43 4483 0 . 5 73 7 9 3  0 . 1 43 448 0 . 0 1 0 000 0 . 40 
2 . 72 693 7 1 . 0 9 0 7 7 5  0 . 2 72 6 9 4  0 . 02 0 000 0 . 40 
3 . 4502 3 8  1 . 3 8009 5 0 .  3 45 0 2 4  0 . 03 0000 0 . 40 
3 . 5 1 7 2 4 1  1 . 40 689 6 0 . 3 5 1 7 2 4  0 . 040000 0 . 40 
3 . 3 4043 8 1 . 3 3 6 1 7 5  0 . 3 3 4044 0 . 0 5 00 0 0  0 . 40 
3 . 1 8 6 5 5 9  1 . 2 7 4624 0 . 3 1 8 6 5 6  0 . 0 60000 0 . 40 
3 . 108402 1 . 2 43 3 6 1  0 . 3 1 0840 0 . 0 7 0 00 0  0 . 40 
3 . 08 445 8 1 . 2 3 3 783 0 . 3 08446 0 . 080000 0 . 40 
3 . 085 468 1 . 2 3 4 1 8 7  0 . 3 08547 0 . 090000 0 . 40 
3 . 092 728 1 . 2 3 7 09 1 0 . 3 09 2 7 3  0 . 1 00 0 00 0 . 40 
1 . 43 4483 0 . 8 60 6 9 0  0 . 2 1 5 1 72 0 . 0 1 00 0 0  0 . 60 
2 . 72 6 9 3 7 1 . 63 6 1 63 0 . 409 0 4 1  0 . 02 0000 0 . 60 
3 . 4502 3 8  2 . 0 7 0 1 43 0 . 5 1 7 5 3 6 0 . 0 3 0 0 0 0  0 . 60 
3 . 5 1 7 2 4 1  2 . 1 1 03 44 0 . 52 7 5 8 6  0 . 040000 0 . 6 0 
3 . 3 4043 8 2 . 0042 63 0 . 5 0 1 0 6 6  0 . 0 5 0 000 0 . 6 0 
Tab le D . l ( c ontinued ) 
0 . 0 60 000 ! 3 . 1 8 6 5 5 9  ! 1 . 9 1 1 9 3 7 0 . 47 7 9 84 
3 . 108402 1 . 8 65 0 4 1  0 . 4662 60 0 . 0 7 0 000 
3 . 08445 8 1 . 8 5 0 6 7 5  0 . 462 6 6 9  0 . 080000 
3 . 085 468 1 . 8 5 12 8 1  0 . 462 82 0 0 . 090000 
3 . 092 7 2 8  1 . 85 5 63 6 0 . 463 9 0 9  0 . 100000 
1 . 434483 1 . 1 4 7 5 8 6  0 . 2 86 8 9 7  0 . 0 1 0000 
2 . 72 6 9 3 7 2 . 1 8 1 5 49 0 . 5 45 3 8 7  0 . 02 0000 
3 . 4502 3 8  2 . 7 60 1 9 0  0 . 690048 0 . 03 0000 
3 . 5 1 72 41 2 . 8 1 3 7 9 3  0 . 7 03 448 0 . 040000 
3 . 3 4043 8 2 . 6 7 2 3 5 0  0 . 668088 0 . 05 0000 
3 . 1 8 65 5 9  2 . 5 49 2 48 0 . 6 3 7 3 1 2  0 . 060000 
3 . 1 08402 2 . 48 672 1 0 . 62 1 68 0  0 . 0 7 0000 
3 . 08445 8 2 . 4 6 7 5 6 6  0 . 6 1 68 9 2  0 . 08 0000 
3 . 0 8 5 4 6 8  2 . 468 3 7 5  0 . 6 1 7 0 9 4  0 . 09 0000 
3 . 09 2 7 2 8  2 . 47 4 1 8 1 0 . 6 1 8 5 45 0 . 1 00000 
1 . 43 4483 1 . 43 4484 0 . 3 5 8 62 1 0 . 0 1 0000 
2 . 72 69 3 7  2 . 72 693 7 0 . 6 8 1 7 3 4  0 . 02 0000 
3 . 4502 3 8  3 . 45 02 3 9  0 . 8 62 5 60 0 . 03 0000 
3 . 5 1 7 2 4 1  3 . 5 1 72 42 0 . 8 7 9 3 1 1  0 . 040000 
3 . 3 40 43 8 3 . 3 4043 8 0 . 8 3 5 109 0 . 0 5 0000 
3 . 1 8 6 5 5 9  3 . 1 8 6 5 62 0 . 7 9 6 640 0 . 0 6 0000 
3 . 108 402 3 . 1 08402 0 . 7 7 7 1 0 1  0 . 07 0000 
3 . 0 8 44 5 8  3 . 0 8445 8 0 . 7 7 1 1 1.5 0 . 080000 
3 . 085468 3 . 085470 0 . 7 7 1 3 6 8  0 . 090000 
3 . 092 7 2 8  3 . 092 7 2 8  0 . 7 7 3 1 82 0 . 1 00000 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0058000 FT2/SEC ( O I L  SAE . 3 0 ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T 
! _LBF/FT2_ ! 
2 . 5 6 1 60 9  
4 . 43 2 83 7  
4 . 7 1 4 6 2 9 
4 . 3 9 47 68 
4 . 1 9 1 5 48 
4 . 1 3 7 7 9 2 
4 . 1 43 2 5 3  
4 . 1 5 5 3 4 7 
4 . 1 60 7 9 2  
4 . 1 6 1 6 1 8  
2 . 5 6 1 6 0 9  
4 . 43 2 8 3 7  
F c ! H 
LBF ! LBF- SEC/FT ! FT -- - - --
0 . 5 1 2 3 22 0 . 12 8 08 0  0 . 0 1 0 0 0 0 
0 . 8 8 6 5 6 7 0 . 2 2 1 6 42 0 . 0 2 0 000 
0 . 9 42 9 2 5  0 . 2 3 5 7 3 1 0 . 0 3 0000 
0 . 8 7 8 9 5 3 0 . 2 1 9 7 3 8  0 . 040000 
0 . 8 3 8 3 1 0  0 . 2 09 5 7 7  0 . 0 5 00 0 0  
0 . 82 7 5 5 8  0 . 2 0 6 8 9 0  0 . 06 0000 
0 . 82 8 6 5 0  0 . 2 0 7 1 6 3  0 . 0 7 000 0  
0 . 8 3 1 0 6 9  0 . 2 0 7 7 6 7  0 . 0 8 0 00 0  
0 . 8 3 2 1 5 8  0 . 2 0 8 040 0 . 0 9 0 0 0 0  
0 . 83 2 3 2 3  0 . 2 0 8 0 8 1 0 . 1 0 000 0  
1 . 02 4 643 0 . 2 5 6 1 6 1  0 . 0 1 0 0 00 
1 . 7 7 3 1 3 4  0 . 443 2 8 4 0 . 02 0 000 
201 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8o ! . 
0 . 8o 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 !.. 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
SA 
! _FT2 -
0 . 2 0  
' 0 . 2 0 
0 . 2 0  
0 . 2 0 
0 . 20 
0 . 20 
0 . 20 
0 . 20 
0 . 2 0 
0 . 2 0 
0 . 40 
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Figure D . l .  DAMPER COEFFICIENT VS FREQUENCY ( OIL SAE Jb ) . . 
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Tab l e  D . 2  
AM=0 . 002 0 9 0  LBF - SEC/FT2 ( �STEADY FLOW ) 
V=0 . 002 4000 FT2/SEC ( O I L  SAE 1 0 ) 
W= 1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! __ LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT -FT2 -
0 . 1 7 402 0 0 . 0 3 4804 0 . 0087 0 1  0 . 0 10000 0 . 2 0 
0 .  3 43 72 9  0 . 068746 0 . 0 1 7 1 8 6  0 . 020000 0 . 2 0 
0 . 49 02 9 2  0 . 098058 0 . 0245 1 5  0 . 03 0000 0 . 2 0 
0 . 5 8 42 1 0  0 . 1 1 6842 0 . 02 9 2 1 0  0 . 040000 0 . 2 0 
0 . 6 1 6 1 9 3  0 . 1 2 3 2 3 9  0 . 0 3 08 1 0  0 . 0 5 0 0 0 0  0 . 2 0 
0 . 607844 0 . 12 15 69 0 . 0 3 0 3 9 2  0 . 0 6 0 0 0 0  0 . 2 0 
0 . 5 85 6 6 7 0 . 1 1 7 1 3 3  0 . 02 9 2 83 0 . 0 7 00 0 0  0 . 2 0 
0 . 5 64644 0 . 1 12 9 2 9  0 . 0282 3 2  0 . 080000 0 . 2 0 
0 . 5 49 8 1 3  0 . 109 9 6 3  0 . 0 2 7 49 1 0 . 0 9 0 0 0 0  0 . 2 0 
0 . 5 4 12 9 6  0 . 1082 5 9  0 . 0 2 7 0 6 5  0 . 1 00 0 0 0  0 . 2 0 
!' 0 . 1 7 40 2 0  0 . 069 608 ! 0 . 0 1 7 402 0 . 0 1 0 0 0 0  0 . 40 
0 . 3 43 7 2 9  0 . 1 3 7492 0 . 0 3 43 7 3  0 . 02 0 0 0 0  0 . 40 
0 .  4.9 0 2 9 2  0 . 1 9 6 11. 7  0 . 0 49 0 2 9  0 . 03 0000 0 . 40 
0 . 5 842 1 0  0 . 2 3 3 684 0 . 0 5 842 1 0 . 040000 0 . 40 ' 
0 . 6 1 6 19 3  0 . 2 4647 7 0 . 0 6 1 6 1 9  0 . 0 5 0 0 0 0  0 . 40 
0 . 607 844 0 . 2 43 1 3 7  0 . 0 60 7 8 4  ! 0 . 0 60 0 0 0  0 . 40 
0 . 5 8 5 6 6 7  0 . 2 3 42 6 6  0 . 0 5 8 5 6 7  0 . 0 7 0 0 0 0  0 . 40 
0 . 5 64 644 0 . 2 2 5 8 5 8  0 . 0 5 6 4 6 4  0 . 0 8 0 0 0 0  0 . 40 
0 . 5498 1 3  0 . 2 19 9 2 5  0 . 0 5 49 8 1  0 . 0 9 0 0 0 0  0 . 40 
0 . 5 4 12 9 6  0 . 2 1 65 1 8  0 . 0 5 4 1 3 0  0 . 1 0 0 0 0 0  0 . 40 
0 . 1 7 402 0 0 . 104412 0 . 02 6 1 03 0 . 0 1 0 0 0 0  0 . 60 
0 . 3 43 72 9  0 . 2 0 623 7 0 . 0 5 1 5 5 9  0 . 02 0 0 0 0  ' 0 . 60 
0 . 4902 9 2  0 . 2 9 4 1 7 5  0 . 0 7 3 5 44 0 . 03 0 0 0 0  0 . 60 
0 . 5 842 1 0  0 . 3 5 052 6 0 . 0 8 7 6 3 1 0 . 040000 0 . 6 0 
0 . 6 1 6 1 9 3  0 . 3 69 7 1 5  0 . 0 9 2 42 9  0 . 0 5 00 0 0  0 . 6 0  
0 . 6 0 7 8 44 0 . 3 647 0 6  0 . 09 1 1 7 7  0 . 0 6 00 0 0  0 . 6 0 
0 . 5 8 5 6 6 7 0 . 3 5 1 400 0 . 0 8 7 8 5 0  0 . 0 7 00 0 0  0 . 60 
0 . 5 64 6 44 0 . 3 3 8 7 8 6  0 . 08469 7 0 . 080000 0 . 60 
0 . 5 49 8 1 3  0 . 32 9 8 8 8  0 . 082 472 0 . 0 9 0 0 0 0  0 . 60 
0 .  5 4 1 2 9 6  0 . 3 2 47 7 7  0 . 08 1 1 9 4  0 . 1 00 0 0 0  0 . 60 
0 . 1 7 402 0  0 . 1 3 92 1 6  0 . 0 3 48 0 4  0 . 0 1 00 0 0  0 . 80 
0 . 3 43 7 2 9  0 . 2 7 49 83 0 . 0 6 8 7 4 6  0 . 02 0 0 0 0  0 . 80 
0 . 49 02 9 2  0 . 3 9 2 2 3 3  0 . 0 9 8 0 5 8  0 . 0 3 00 0 0  0 . 8 0 
0 . 5 8 42 1 0  0 . 46 7 3 68 0 . 1 1 6842 0 . 040000 0 . 8 0 
0 . 6 1 6 1 9 3  0 . 49 2 9 5 4 0 . 1 2 3 2 3 9  0 . 0 5 0 000 0 . 8 0 
0 . 607 844 0 . 48 62 7 5  0 . 12 1 5 6 9 0 . 0 60 0 0 0  0 . 8 0 
0 . 5 8 5 6 6 7  0 . 468 5 3 3  0 . 1 1 7 1 3 3  0 . 0 7 0 0 0 0  0 . 80 
0 . 5 64644 0 . 45 1 7 1 5  0 . 1 1 2 9 2 9  0 . 080000 0 . 80 
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Tab l e  D . 2  ( c onti nued ) 
! 0 . 5 49 8 1 3  ! 0 . 43 9 8 5 0  0 . 1 0 9 9 6 3  0 . 0 9 0 0 00 0 . 80 
0 . 5 4 12 9 6  0 . 43 3 03 6  0 . 1 082 5 9  0 . 1 00 0 00 0 . 80 
0 . 1 7 402 0 0 . 1 7402 0 0 . 043 5 0 5  0 . 0 1 0000 1 . 00 
0 .  3 43 72 9  0 . 3 43 72 9  0 . 085 9 3 2  0 . 0 2 0000 1 . 00 
0 . 490 2 9 2  0 . 490292 0 . 122 5 7 3  0 . 0 3 0000 1 . 00 
0 . 5842 1 0  0 . 5 842 1 0  0 . 146052 0 . 0 40000 1 . 00 
0 . 6 1 6 1 9 3  0 . 6 1 6 1 9 2  0 . 1 5 4048 0 . 0 5 0000 1 . 00 
0 . 607 8 44 0 . 607844 0 . 1 5 1 9 6 1  0 . 0 6 0 000 1 . 00 
0 . 5 85 66 7  0 . 5 8 5 6 6 7  0 . 1 4 64 1 7  0 . 0 7 0000 1 . 00 
0 . 5 64644 0 . 5 64644 0 . 1 41 1 6 1  0 . 0 80000 1 . 00 
0 . 5 49 8 1 3  0 . 5 49 8 1 3 0 . 1 3 7 45 3  0 . 0 9 0 0 0 0  1 . 00 
0 . 5 4 12 9 6  0 . 5 4 1 2 9 5  0 . 1 3 5 3 2 4  0 . 1 0 0000 1 . 00 
AM=0 . 002090 LBF - SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2/SEC ( O I L  SAE 10 ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 0 00 FT/SEC 
T F c H SA 
! _LBF/FT2 __ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 - -
0 . 8 5 3 0 60 0 . 1 70 6 12 0 . 042 653 0 . 0 1 0000 0 . 2 0 
1 . 3 5 5 48 3  0 . 2 7 10 9 6  0 . 0 6 7 7 7 4  0 . 02 0 0 00 0 . 2 0 
1 . 3 2 47 5 2  0 . 2 649 5 1  0 . 0 6 62 3 8  0 . 03 0000 0 . 2 0 
1 . 2 3 08 7 1 0 . 2 46 1 7 4 0 . 0 6 1 544 0 . 040000 0 . 2 0 
1 . 2 0 1 0 8 6  0 . 2 402 1 7  0 . 0600 5 4  0 . 050000 0 . 2 0 
1 . 2 0 1 45 3  0 . 2 402 9 1  0 . 0 600 73 0 . 0 60000 0 . 2 0 
1 . 2 0 5 42 0  0 . 2 4 10 8 4  0 . 0602 7 1  0 . 0 7 0 000 0 . 2 0 
1 . 2 0 6 8 7 3  0 . 2 4 13 7 5  0 . 0 6 0 3 44 0 . 080000 0 . 2 0 
1 . 2 0 6 9 1 5  0 . 2 4 1 3 83 0 . 0 6 03 46 0 . 0 9 0 0 0 0  0 . 2 0 
1 . 2 06 7 3 2 0 . 2 4 1 3 46 0 . 0 6 03 3 7  0 . 1 0 0 0 0 0  0 . 2 0 
0 . 853 060 0 . 3 4 12 2 4  0 . 085 3 0 6  0 . 0 1 0 0 0 0  0 . 40 ' 
1 . 3 5 5483 0 . 5 42 1 9 3  0 . 1 3 5 5 48 0 . 02 0 0 0 0  0 . 40 
1 . 3 2 47 5 2 0 . 5 2 9 9 0 1 0 . 1 3 2 47 5  0 . 0 3 0 0 0 0  0 . 40 
1 . 2 3 08 7 1  0 . 492 3 48 0 . 1 2 3 0 8 7  0 . 040000 0 . 40 
1 . 2 0 1 0 8 6  0 . 48043 5 0 . 120 1 0 9  0 . 0 5 0 0 0 0  0 . 40 
1 . 2 0 1 45 3  0 . 480582 0 . 1 2 0 1 45 0 . 0 6 0 0 0 0  0 . 40 
1 . 2 05 42 0  0 . 482 1 6 8  0 . 1 2 0 5 42 0 . 0 7 0 0 0 0  0 . 40 
1 . 2 06 8 7 3  0 . 482 7 49 0 . 1 2 0 6 8 7  0 . 080000 0 . 40 
1 . 2 0 6 9 1 5  0 . 482 7 6 6  0 . 1 2 0 6 9 1 ·o . 0 9 o o o o  0 . 40 
1 . 2 0 6 7 3 2  0 . 482 6 9 3  0 . 12 0 6 7 3  0 . 1 00 0 0 0  0 . 40 
0 . 853 0 6 0  0 . 5 1 1 83 6 0 . 1 2 7 9 5 9  0 . 0 1 0 0 0 0  0 . 60 
1 . 3 5 5 483 0 . 8 1 3 2 9 0 0 . 203 3 2 2 0 . 02 0 0 0 0  0 . 6 0 
1 . 3 2 4 7 5 2  0 . 7 9 48 5 2  0 . 1 9 8 7 1 3  0 . 0 3 0 0 0 0  0 . 60 
1 . 2 3 0 8 7 1 0 . 7 3 85 2 3  0 . 1 8 463 1 0 . 040000 0 . 60 
1 . 2 0 1 0 8 6  0 . 7 2 0 6 5 2  0 . 180 1 63 0 . 0 5 0 0 0 0  0 . 60 
\ Tab l e  0 . 2  ( c ontinued ) 
! 1 . 2 0 1 45 3  ! 0 . 7 2 08 7 2  0 . 1802 1 8  0 . 0 60000 
1 . 2 05 42 0  0 . 7 2 3 2 5 2 0 . 1808 1 3  0 . 070000 
1 . 2 0 68 7 3  0 . 7 2 4123 0 . 1 8 1 03 1 0 . 080000 
1 . 2 0 69 1 5  0 . 7 2 4 1 49 0 . 1 8 1 0 3 7 0 . 0 9 0000 
1 . 2 0 6 7 3 2  0 . 72 4040 0 . 1 8 1 0 1 0  0 . . 1 00000 
0 . 853 0 6 0  0 . 6 82 448 0 . 1 7 0 6 1 2  0 . 0 1 0000 
1 . 3 5 5 48 3  1 . 0843 8 6  0 . 2 7 1 09 7  0 . 020000 
1 . 3 2 4752 1 . 0 5 9 802 0 . 2 64 95 1  0 . 03 0000 
1 . 2 3 0 8 7 1 0 . 98469 7 0 . 2 46 1 7 4  0 . 040000 
1 . 2 0 1086 0 . 9 60869 0 . 2 402 1 7  0 . 05 0000 
1 . 2 0 1453 0 . 9 6 1 1 6 4  0 . 2 402 9 1  0 . 0 60000 
1 . 2 05 42 0  0 . 9 643 3 6  0 . 2 4 1 0 8 4  0 . 0 7 0000 
1 . 2 06873 0 . 9 65498 0 . 2 4 1 3 7 5  0 . 080000 
1 . 2069 1 5  0 . 9 6 5 5 3 2  0 .  2 .4 1 3 8 3  0 . 090000 
1 . 2 0 6 7 3 2  0 . 9 6 5 3 8 6 0 . 2 4 1 3 4 6  0 . 100000 
0 . 8 5 3 060 0 . 8 5 3 060 0 . 2 1 3 2 6 5  0 . 0 10000 
1 . 3 5 5483 1 . 3 5 5 484 0 . 3 3 88 7 1 0 . 02 0000 
1 . 3 2 47 5 2  1 . 3 2 47 5 3  0 . 3 3 1 1 8 8  0 . 0 3 0000 
1 . 23 087 1 1 . 2 3 08 7 1  0 . 3 0 7 7 1 8  0 . 040000 
1 . 2 0 1 08 6  1 . 2 0 10S6 0 . 3 002 7 2  0 . 0 5 0 000 
1 . 20 1 45 3  1 . 2 0 1 45 4  0 .  3 003 6 4  0 . 060000 
1 . 2 0 5420 1 . 2 05 42 0  0 . 3 0 1 3 5 5  ! 0 . 070000 
1 . 206873 1 . 2 0 6873 0 . 3 0 1 7 1 8  ! 0 . 080000 
1 . 2 0 69 1 5  1 . 2 0 6 9 1 5  0 . 3 0 1 7 2 9  0 . 090000 
1 . 2 0 6 7 3 2  1 . 2 0 6 7 3 2  o ·. 3 0 1 68 3  0 . 100000 
AM=0 . 002 090 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2/SEC ( O I L  SAE 1 0 ) 
W=90 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT 
1 . 470878 
1 . 8 2 3 5 3 5  
1 . 6 49 44 6  
1 . 609 5 6 7  
1 . 6 1 60 1 1  
1 . 6 1 9 2 45 
1 . 6 1 9 1 44 
1 . 6 1 8 9 4 1  
1 . 6 1 8 9 40 
1 . 6 1 8 9 40 
1 . 4 7 0 8 7 8  
1 . 82 3 5 3 5  
0 . 2 9 4 1 7 5 
t - 0 . 3 64707 
0 . 3 2 9 889 
0 . 3 2 1 9 1 3 
0 . 3 2 3 2 02 
0 . 3 2 3 8 49 
0 . 3 2 3 82 9  
0 . 3 2 3 7 8 8  
0 . 3 2 3 7 8 8  
0 . 3 2 3 7 88 
0 . 5 8 8 3 5 1  
0 . 7 2 9 4 1 4  
0 . 073 5 44 0 . 0 1 00 0 0  
0 . 09 1 1 7 7  0 . 02 0000 
0 . 082 472 0 . 03 0000 
0 . 0 8 0 4 7 8  0 . 040 0 0 0  
0 . 0 8 0 8 0 0  0 . 0 5 0 0 0 0  
0 . 0 8 0 9 6 2  0 . 0 60 0 0 0  
0 . 0809 5 7  0 . 0 7 0 0 0 0  
0 . 0809 4 7  0 . 0 8 0 0 0 0  
0 . 080947 0 . 0 9 0 0 0 0  
0 . 0 8 0 9 4 7  0 . 1 0 0 0 0 0  
0 . 1 4 7 0 8 8  0 . 0 1 00 0 0  
0 . 1 8 2 3 5 3  0 . 0 2 0 0 0 0 
0 . 60 
0 . 60 
0 . 6 0 
0 . 60 
0 . 60 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
f 1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
SA 
FT2 -
0 . 2 0  
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0  
0 . 2 0  
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
206 
f 
� · �  , ' 
207 
Tab l e  D . 2  ( c ontinued ) 
1 . 649446 0 . 65 9 7 7 8  0 . 1 649 44 0 . 0 3 0000 0 . 40 
1 . 6095 6 7  0 . 643 82 7 0 . 1 60 9 5 7  0 . 0 40000 0 . 40 ' 
1 . 6 1 60 1 1  0 . 646404 0 . 1 6 1 6 0 1  0 . 0 5 0 000 0 . 40 
1 . 6 1 9 2 45 0 . 647 697 0 . 1 6 19 2 4  0 . 0 60000 0 . 40 
1 . 6 1 9 1 44 0 . 647 6 5 7  0 . 1 6 1 9 1 4  0 . 0 7 0000 0 . 40 
1 . 6 1 89 4 1  0 . 647 5 7 6  0 . 1 6 1 8 9 4  0 . 0 8 0000 0 . 40 
1 . 6 18 9 40 0 . 6475 7 6  0 . 1 6 1 8 9 4  0 . 0 9 0000 0 . 40 
1 . 6 1 89 40 0 . 6475 7 6  0 . 1 6 1 8 9 4  . 0 . 1 00000 0 . 40 
1 . 470878 0 . 882 5 2 6  0 . 2 2 0 6 3 2  0 . 0 10000 0 . 60 
1 . 82 3 5 3 5 1 . 09412 1 0 . 2 7 3 53 0  0 . 0 2 0000 0 . 60 
1 . 649446 0 . 989 6 6 7  0 . 2 47 4 1 7  0 . 0 3 0000 0 . 60 
1 . 6 09 5 6 7 0 . 9 6 5 7 40 0 . 2 4 1 43 5 0 . 040000 0 . 60 
1 . 6 1 60 1 1  0 . 9 69 6 0 6  0 . 2 42 40 2  0 . 0 5 0 000 0 . 60 
1 . 6 1 9 2 4 5  0 . 9 7 1 5 47 0 . 2 42 8 8 7  0 . 0 60000 0 . 60 
1 . 6 1 9 1 44 0 . 9 7 1486 0 . 2 42 8 72 0 . 0 7 0000 0 . 60 
1 . 6 1 8 9 4 1  0 . 9 7 1 3 64 0 .  2 42 84 1  0 . 080000 0 . 60 
1 . 6 1 89 40 0 . 9 7 1 3 64 0 . 2 42 8 4 1  0 . 09 0000 0 . 60 
1 . 6 1 89 40 0 . 9 7 1 3 64 ! . 0 . 2 42 8 4 1  0 . 100000 0 . 60 
1 . 47 0 8 7 8  1 . 1 7 6702 0 . 2 9 4 1 7 6  0 . 0 10000 0 . 80 
1 . 82 3 53 5  1 . 45 882 8 0 . 3 64 7 0 7  0 . 02 0000 0 . 80 
1 . 649446 1 . 3 1 9 5 5 5  0 . 3 2 9 88 9  0 . 0 3 0000 0 . 80 
1 . 609 5 6 7  1 . 2 8 7 65 3  0 . 3 2 1 9 1 3 0 . 040000 ' 0 . 80 
1 . 6 1 60 1 1  1 . 2 9 2 808 0 . 3 2 3 2 02 0 . 05 0000 0 . 80 
1 . 6 19 2 45 1 . 2953 9 5  0 . 3 2 3 8 49 0 . 0 6 0000 0 . 80 
1 . 6 1 9 1 44 1 . 2 9 5 3 1 5  0 . 3 2 3 82 9  0 . 0 7 0000 0 . 80 
1 . 6 1 8 9 4 1  1 . 2 9 5 1 5 3 0 . 3 2 3 7 8 8  0 . 080000 0 . 80 
1 . 6 1 8 940 1 . 2 9 5 1 5 2  0 . 3 2 3 7 8 8  0 . 0 9 0 000 0 . 80 
1 . 6 1 8 9 40 1 . 2 9 5 1 5 2  0 . 3 2 3 7 8 8  0 . 1 00000 0 . 80 
1 . 470878 1 . 47 0877 0 . 3 6 7 7 1 9  0 . 0 1 0000 1 . 00 
1 . 82 3 5 3 5  1 . 82 3 5 3 5  0 . 45 5 8 8 4  0 . 02 0000 1 . 00 
1 . 649446 1 . 649 446 0 . 4 1 2 3 6 1  0 . 03 0000 1 . 00 
1 . 609 5 6 7  1 . 609 5 6 8  0 . 402 3 9 2 0 . 040000 1 . 00 
1 . 6 1 60 1 1  1 . 6 1 6009 0 . 404002 0 . 0 5 00 0 0  1 . 00 
1 . 6 1 9 2 45 ! . 1 . 6 1 92 45 0 . 4048 1 1  0 . 0 60000 1 . 00 
1 . 6 1 9 1 4 4  1 . 6 1 9 1 43 0 . 404 7 8 6  0 . 0 7 0000 1 . 0 0 
1 . 6 1 8 9 4 1  1 . 6 1 8941 0 . 4047 3 5  0 . 080000 1 . 00 
1 . 6 1 8 9 40 1 . 6 1 89 40 0 . 4047 3 5  0 . 09 0000 1 . 00 
1 . 6 1 8 9 40 1 . 6 1 89 40 0 . 4047 3 5  0 . 1 00000 1 . 00 
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APPENDIX E 
BOTH ENDS OF THE DAMPER 
ARE EXCITED BY OUT OF PHASE 
PERIODIC MOTIONS 
TABLES & PLOTS 
U N S T E A D Y  = L O W  
N 
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Figure E . l .  DAMPER COEFFICIENT VS FREQUENCY ( GLYCERINE ) .  
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T ab l e  E . l 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 5 8000 FT2/SEC ( O I L  SAE 3 0 ) 
W= 1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
210 
T F C H SA 
! _LBF/FT2_ ! __ LBF __ ! _. LBF- SEC/FT_ ! __ FT __ _  FT2_ 
6 . 6809 7 5  1 . 3 3 6 1 9 4  0 . 3 3 4049 0 . 0 1 0000 0 . 2 0 
3 . 3 47 7 1 6  0 . 6 69 5 43 0 . 1 67 3 8 6  0 . 02 0000 0 . 2 0 
2 . 2 5 2 5 4 6  0 . 450509 0 . 1 12 62 7  0 . 0 3 0000 0 . 2 0 
1 . 73 043 0 0 . 3 46086 0 . 08652 1 0 . 040000 0 . 20 
1 . 45 0 5 5 6  0 . 2 9 0 1 1 1  0 . 072 5 2 8  0 . 050 000 0 . 2 0 
1 . 3 0 1 6 8 0  0 . 2 60 3 3 6  ' ! 0 . 065 084 0 . 0 60 0 00 0 . 2 0 
1 . 2 3 2 6 1 5  0 . 2 4652 3 0 . 06 1 63 1 0 . 0 7 0000 0 . 2 0 
1 . 2 1 3 40 5  0 . 2 42 68 1  0 . 060 6 7 0  0 . 0 8 0000 0 . 2 0 
1 . 2 2 3 8 7 5  0 . 2 447 7 5  0 . 0 6 1 1 9 4  0 . 0 9 0000 0 . 2 0 
1 . 2 49 8 8 0  0 . 2 49 9 7 6  0 . 062 4 9 4  0 . 1 00 000 0 . 2 0 
6 . 6809 7 5  2 . 6 7 2 3 8 9 ! ' 0 . 6 6 8 09 7 0 . 0 1 0000 
" 3 . 3 47 7 1 6 1 . 3 3 9086 0 . 3 3 47 72 0 . 0 2 0000 
2 . 2 52 5 46 0 . 9 0 1 0 1 8  0 . 2 2 5 2 5 5  0 . 0 3 0000 
1 . 7 3 0 43 0  0 . 692 1 7 2  0 . 1 7 3 0 43 0 . 040000 
1 . 450 5 5 6  0 . 5802 2 2  0 . 1 45 0 5 6  0 . 0 5 0000 
1 . 3 0 1 680 0 . 5 2 0 6 7 2  0 . 13 0 1 6 8  0 . 0 60000 
1 . 2 3 2 6 1 5 0 . 49 3 04 6  0 . 12 3 2 62 0 . 0 70 0 00 
1 . 2 1 3 40 5  0 . 485 3 62 0 . 12 1 3 40 0 . 080000 
1 . 2 2 3 8 7 5  0 . 489 550 0 . 12 2 3 8 8  0 . 0 9 0 0 00 
1 . 2 49 880 0 . 499 952 0 . 12 49 88 0 . 1 00 0 00 
6 . 6809 7 5  4 . 008583 1 . 002 1 46 0 . 0 1 0000 
3 . 3 47 7 1 6  2 . 008 629 0 . 502 1 5 7 0 . 02 0000 
2 . 2 5 2 5 4 6 1 . 3 5 1 5 2 7  0 . 3 3 7 882 0 . 0 3 0 0 0 0  
1 . 7 3 04 3 0  1 . 0 3 8 2 5 8  0 . 2 5 9 5 64 0 . 040000 
1 . 4505 5 6  0 . 8 7 0 3 3 3  0 . 2 1 7 58 3  0 . 0 5 00 00 
1 . 3 0 1 680 0 . 7 8 1008 0 . 1 9 5 2 5 2  0 . 0 6 0 0 00 
1 . 2 3 2 6 1 5 0 . 7 3 9 5 6 9 0 . 184892 0 . 0 7 00 0 0  
1 . 2 1 3 40 5  0 . 7 2 8043 0 . 182 0 1 1 0 . 0 8 0 0 0 0  
1 . 22 3 8 7 5  0 . 7 3 43 2 4  0 . 183 5 8 1  0 . 0 9 0 0 0 0  
1 . 2 49880 0 . 7 4992 8 0 . 18 7482 0 . 1 00 0 00 
6 . 6809 7 5  
3 . 3 47 7 1 6  
2 . 2 52 5 4 6  
1 . 7 3 043 0 
1 . 45 0 5 5 6  
1 . 3 0 1 6 80 
1 . 2 3 2 6 1 5 
1 . 2 1 3 405 
5 . 3 44 7 8 0  
2 . 6 7 8 1 7 2 
1 . 8 02 03 6 
1 . 3 843 44 
1 . 1 6 0 444 
1 . 0 4 1 3 44 
0 . 9 8 6092 
0 . 9 7 0 7 2 4  
1 . 3 3 6 1 9 5  
0 . 6 6 9 5 4 3  
0 . 450509 
0 . 3 46 0 8 6  
0 . 2 9 0 1 1 1  
0 . 2 603 3 6 
0 . 2 46 5 2 3 
0 . 2 42 68 1  
0 . 0 1 00 0 0  
0 . 02 0 0 0 0  
0 . 0 3 0 0 0 0  
0 . 040000 
0 . 0 5 0 000 
0 . 060000 
0 . 07 0000 
0 . 080000 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 60 
0 . 60 
0 . 80 
0 . 80 
0 . 8 0 
0 . 80 
0 . 8 0 
0 . 80 
0 . 8 0 
0 . 8 0 
Tab l e  E . l  ( c onti nued ) 
! 1 . 2 2 3 8 7 5 ! b . 9 7 9 100 
1 . 2 49 8 8 0  0 . 9 9 9 9 04 
6 . 6809 7 5  6 . 6809 7 7  
3 . 3 47 7 1 6  3 . 3 47 7 1 4  
2 . 2 5 2 5 4 6  2 . 2 5 2 5 45 
1 . 7 3 043 0 1 . 7 3 042 9 
1 . 4 5 05 5 6  1 . 4505 5 5  
1 . 3 0 1 68 0  1 . 3 0 1 680 
1 . 2 3 2 6 1 5  1 . 2 3 2 6 1 5  
1 . 2 1 3 40 5  1 . 2 13 404 
1 . 22 3 87 5  1 . 2 2 3 8 7 4  
1 . 2 4 9 8 8 0  1 . 2 49880 
0 . 2 447 7 5  
0 . 2 49 9 7 6  
1 . 6 702 44 
0 . 8 3 692 9 
0 . 5 63 1 3 6  
0 . 43 2 60 7  
0 . 3 62 63 9  
0 . 3 2 5 42 0  
0 . 3 08 1 5 4  
0 . 3 03 3 5 1  
0 . 3 05 9 6 9  
0 . 3 12 47 0  
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 005800 0  FT2 /SEC ( O I L  SAE 3 0 ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 00 0  FT/SEC 
T F c 
0 . 090000 
0 . 1 00000 
0 . 0 10000 
0 . 020000 
0 . 0 3 0000 
0 . 0 40000 
0 . 0 50000 
0 . 0 60000 
0 . 0 7 0000 
0 . 0 8 0000 
0 . 0 90000 
0 . 1 00000 
H 
! . LBF/FT2 ! - - LBF __ ! _LBF- SEC/FT_ ! __ FT 
6 . 704078 1 . 3 408 1 5  0 . 3 3 5 2 0 4  0 . 0 1 0000 
3 . 52 6 60 9  0 . 705 3 2 2  0 . 1 7 63 3 0  0 . 0 2 0000 
2 . 7 8 7 3 0 8  0 . 5 5 7462 0 . 1 3 9 3 6 5  . ! 0 . 0 3 0000 
2 . 7 3 42 04 0 . 546841 0 . 1 3 6 7 1 0  0 . 0 40000 
2 . 8 7 89 2 0  0 . 5 75 7 84 0 . 143 9 4 6  0 . 0 5 0000 
3 . 0 1 7 9 3 5  0 . 603 587 0 . 1 5 08 9 7 0 . 060000 
3 . 09 3 82 8 0 . 6 1 8765 0 . 1 5 46 9 1 0 . 0 70000 
3 . 1 1 7 841 0 . 62 3 5 68 0 . 1 5 5 8 9 2  0 . 0 80000 
3 . 1 1 682 0 0 . 62 3 � 6 4  0 . 1 5 5 84 1  0 . 09 0000 
3 . 109508 0 . 62 190 1 0 . 1 5 5 47 5  0 : 1 00000 
6 . 7040 7 8  2 . 6 8 1 6 3 0  0 . 67 0408 0 . 0 1 00 00 
3 . 5 2 6 6 0 9 1 . 410 644 0 . 3 5 2 6 6 1  0 . 02 0000 
2 . 7 8 7 3 08 1 . 1 1 492 3 0 . 2 7 8 7 3 1  0 . 03 0000 
2 . 73 42 04 1 . 09 3 6 8 1  0 . 2 7 3 42 1  0 . 0 40000 
2 . 8 7 8 9 2 0  1 . 1 5 1 5 67 0 . 2 8 7 8 9 2  0 . 0 5 0000 
3 . 0 1 7 9 3 5  1 . 2 0 7 1 72 0 . 3 0 1 7 9 3  0 . 0 60000 
3 . 09 3 82 8  1 . 2 3 7 5 3 1 0 . 3 0 9 3 83 0 . 0 7 0 0 00 
3 . 1 1 7 84 1  1 . 2 4 7 1 3 5  0 . 3 1 1 7 8 4  0 . 0 8 0 000 
3 . 1 1 68 2 0  1 . 2 46 7 2 8  0 . 3 1 1 68 2  0 . 0 9 0 000 
3 . 1 09 5 08 1 . 243 802 0 . 3 1 09 5 1  0 . 1 0 0 0 00 
6 . 7 040 78 4 . 022 446 1 . 00 5 6 1 1  0 . 0 10 0 00 
3 . 5 2 6 6 09 2 . 1 1 5 9 6 4 0 . 5 2 8 9 9 1 0 . 0 2 0 0 0 0  
2 . 7 8 7 3 0 8  1 . 6 7 2 3 8 4  0 . 4 1 8 0 9 6  0 . 03 0 0 0 0  
2 . 7 3 42 0 4 1 . 6405 2 3  0 . 4 1 0 1 3 1 0 . 040000 
2 . 8 7 8 9 2 0  1 . 72 7 3 52 0 . 43 1 83 8 0 . 0 5 0 0 0 0  
211 
0 . 80 
0 . 80 
1 . 00 ' 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
SA 
FT2 - -
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 60 
0 . 60 
212 
T ab l e  E . 1 ( c onti nued )  
! 3 . 0 1 793 5 ! 1 . 8 1 0 7 5 9  0 . 452 6 9 0  0 . 0 6 0 000 0 . 60 
3 . 09 3 82 8  1 . 8 5 62 9 7  0 . 464074 0 . 0 7 0 000 0 . 60 
3 . 1 1 7 8 4 1  1 . 870704 0 . 4 6 7 6 7 6  0 . 080000 0 . 60 
3 . 1 1 68 2 0  1 . 87009 1 0 . 467 5 2 3  0 . 090000 0 . 60 
3 . 1 0 9 5 08 1 . 865 704 0 . 46642 6 0 . 1 00000 0 . 60 
6 . 7040 7 8  5 . 3 63 2 5 8  1 . 3 40 8 1 5  0 . 0 10000 0 . 80 
l 3 . 5 2 6 609 2 . 82 1286 0 . 705 3 2 2  0 . 02 0 000 0 . 80 
2 . 7 8 7 3 08 2 . 2 2 9 84 6  0 . 5 5 7 46 2  0 . 0 3 0 000 0 . 80 
2 . 7 3 42 0 4  2 . 187 3 6 6  0 . 5 4 6 8 4 1  0 . 0 40000 0 . 80 
2 . 8 7 8 9 2 0  2 . 3 03 1 3 6  0 . 5 7 5 7 8 4  0 . 0 5 0000 0 . 80 
3 . 0 1 7 9 3 5  2 . 4 1 43 47 0 . 603 5 8 7  0 . 0 60000 0 . 80 
3 . 09 3 82 8  2 . 475062 0 . 6 1 8 7 6 6  0 . 0 70000 0 . 80 
3 . 1 1 7 8 4 1  2 . 4942 7 2  0 . 62 3 5 68 0 . 0 8 0000 0 . 80 
3 . 1 1 68 2 0  2 . 49 3 45 6 0 . 6 2 3 3 64 0 . 0 9 0000 0 . 80 
3 . 109 5 0 8  2 . 48 7 60 4  0 . 62 1 9 0 1  0 . 1 00000 0 . 80 
6 . 70407 8 6 . 7040 7 5  1 . 6 7 6 0 1 9  0 . 0 1 00 00 1 . 00 
3 . 5 2 6 609 3 . 52 6609 0 . 8 8 1 6 5 2  0 . 0 2 0000 1 . 00 
2 . 7 8 7 3 08 2 . 7 87 3 08 0 . 69 682 7 0 . 0 3 0000 1 . 00 
"2 . 7 3 42 04 2 . 7 3 42 07 0 . 683 5 5 2  0 . 0 40000 1 . 00 
2 . 8 7 8 9 2 0  2 . 87892 1 0 . 7 19 73 0  0 . 0 5 0000 1 . 00 
3 . 0 1 7 9 3 5  3 . 0 1 7 9 3 4  0 . 7 5 4483 0 . 0 6 0000 1 . 00 
3 . 09 3 82 8  3 . 093 82 7 0 . 7 7 3 45 7  0 . 0 7 0000 1 . 00 
3 . 1 1 7 84 1  3 . 1 1 7842 0 . 77 9 4 6 0  0 . 0 8 0000 1 . 00 
3 . 1 1 682 0 3 . 1 1 682 1 0 . 7 7 9 2 0 5  0 . 0 90000 1 . 00 
3 . 1 0 9 5 0 8  3 . 1 09 5 0 6  0 . 7 7 7 3 7 7  0 . 100000 1 . 00 
AM=0 . 00 8 3 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 5 8000 FT2 /SEC ( O I L  SAE 3 0 ) 
W=9 0 . 0 0 0  RAD/SEC 
A= 4 . 00 0  FT/SEC 
T F c H SA 
! _ LBF/FT2_ ! LBF __ !
_
LBF- SEC/FT_ ! __ FT -FT2 
6 . 7 5 7 6 3 9  1 . 3 5 1 5 2 7  0 . 3 3 7 88 2 0 . 0 1 0000 0 . 2 0 
3 . 9 0 5 042 0 . 78 1009 0 . 1 9 5 2 5 2  0 . 02 0 0 00 0 . 2 0 ' 
3 . 6 7 1 6 2 8  0 . 7 3 43 2 5  0 . 1 8 3 5 8 1  0 . 03 0 0 00 0 . 2 0 
3 . 9 3 8 8 5 3  0 . 7 8 7 7 7 0  0 . 1 9 6943 0 . 040000 0 . 2 0 
4 . 12 982 5 0 . 82 5 9 6 5  0 . 2 0 649 1 0 . 05 0000 . ! 0 . 2 0 
4 . 1 83 483 0 . 83 6 6 9 6  0 . 2 09 1 7 4  0 . 0 60000 0 . 2 0  
4 . 1 7 7 9 6 2 0 . 83 5 5 92 0 . 2 08 8 9 8  0 . 0 7 0 000 0 . 2 0 
4 . 1 6 5 8 1 2 0 . 83 3 1 62 0 . 2 082 9 1 0 . 080000 0 . 2 0  
4 . 1 60 3 5 2  0 . 832070 0 . 2 080 1 8 0 . 0 9 0 000 0 . 2 0  
4 . 1 5 9 5 8 9 0 . 83 1 9 1 7  0 . 2 0 7 9 7 9 0 . 1 00000 0 . 2 0  
6 . 7 5 7 6 3 9  2 . 7 0 3 0 5 4  0 . 6 7 5 7 64 0 . 0 1 0000 0 . 40 
3 . 9 0 5 042 1 . 5 62 0 1 7  0 . 3 9 0 5 0 4  0 . 02 0000 0 . 40 
21 3 
Tab l e  E . 1  ( c ontinued ) 
3 . 6 7 1 6 2 8  1 . 46865 1 0 . 3 6 7 1 63 0 . 03 0000 0 . 40 
3 . 9 3 88 5 3  1 . 5 7 5 5 4 1  0 . 3 9 3 88 5  0 . 040000 0 . 40 
4 . 12 9 8 2 5  1 . 65 1 9 2 9  0 . 4 1 2 9 82 0 . . 0 5 0000 0 . 40 
4 . 183 483 1 . 6 73 3 92 0 . 4 1 83 48 0 . 0 60000 0 . 40 
4 . 1 7 7 9 6 2  1 . 67 1 185 0 . 4 1 7 7 9 6 0 . 0 70000 0 . 40 
4 . 1 6 5 8 1 2  1 .  6 6 6 3 2 4 0 . 4 1 6 5 8 1  0 . 080000 0 . 40 
4 . 1 60 3 5 2  1 . 6 64140 0 . 4 1 60 3 5 0 . 090000 0 . 40 
4 . 1 5 9 5 8 9  1 . 6 63 8 3 5  0 . 4 1 5 9 5 9  0 . 1 00000 0 . 40 
6 . 7 5 7 6 3 9  4 . 0545 8 1  1 . 0 1 3 645 0 . 0 1 0000 0 . 60 
3 . 905 042 2 . 3 43 02 6 0 . 5 8 5 7 5 7  0 . 02 0000 0 . 60 
3 . 6 7 1 62 8  2 . 2 0 2 9 7 5  0 . 5 5 0744 0 . 0 3 0000 0 . 60 
3 . 93 8853 2 . 3 63 3 1 1  0 . 5 9 082 8 0 . 0 40000 0 . 60 
4 . 12982 5 2 . 477894 0 . 6 1 947 4 o . p5 oooo 0 .  60 . 
4 . 1 8 3 48 3  2 . 5 1 0089 0 . 6 2 7 52 2  0 . 0 60000 0 . 6 0 
4 . 1 7 7 9 62 2 . 5 0 6 7 7 6  0 . 6 2 6 6 9 4  0 . 0 7 00 0 0  0 . 6 0 
4 . 1 65 8 12 2 . 49 9 487 0 . 6 2 48 7 2  0 . 080000 0 . 60 
4 . 1 60 3 5 2  2 . 49 62 1 0  0 . 6 2 40 5 3  0 . 0 9 0000 0 . 60 
4 . 1 5 9 5 8 9  2 . 4 9 5 7 5 2  0 . 62 3 9 3 8  0 . 1 00000 0 . 60 
6 . 7 5 7 6 3 9  5 . 406 1 0 5  1 . 3 5 1 52 6 0 . 0 10000 0 . 80 
3 . 905042 3 . 12 403 4 0 . 7 8 1009 0 . 0 2 0000 ' 0 . 80 
3 . 6 7 1 62 8  2 . 9 3 7300 0 . 7 3 43 2 5  0 . 0 3 0000 0 . 80 
3 . 9 3 88 5 3  3 . 1 5 1078 0 . 7 8 7 7 70 0 . 040000 0 . 80 
4 . 1 2 982 5 3 . 3 03 8 5 8  0 . 82 5 9 6 4  0 . 0 5 00 0 0  0 . 8 0 
4 . 1 8 3 48 3  3 . 3 46785 0 . 8 3 6 6 9 6  0 . 0 60000 0 . 80 
4 . 1 7 7 9 62 3 . 3 42 3 64 0 . 8 3 5 5 9 1  0 . 0 7 00 0 0  0 . 8 0 
4 . 1 6 5 8 12 3 . 3 3 2 647 0 . 8 3 3 1 6 2  0 . 080 000 0 . 80 
4 . 1 6 03 5 2  3 . 3 2 82 79 0 . 8 3 2 0 7 0  0 . 090000 0 . 80 
4 . 1 5 9 5 8 9  3 . 3 2 7669 0 . 83 1 9 1 7  0 . 1 00000 0 . 80 
6 . 7 5 7 6 3 9  6 . 7 5 7 6 3 7  1 . 689409 0 . 0 1 0000 1 . 00 
3 . 9 0 5 0 42 3 . 9 0 5 042 0 . 9 7 62 60 0 . 02 0000 1 . 00 
3 . 6 7 1 6 2 8  3 . 6 7 1 62 8  0 . 9 1 7 9 0 7  0 . 03 0000 1 . 00 
3 . 9 3 8 8 5 3  3 . 9 3 88 5 2  0 . 9 8 47 1 3  0 . 040000 ' 1 . 00 
4 . 1 2 9 82 5  4 . 1 2 9 8 2 2  1 . 0 3 2 45 5  0 . 0 5 0000 1 . 00 
4 . 183 483 4 . 1 83 483 1 . 0 45 8 7 1  0 . 0 60000 1 . 0 0 
4 . 1 7 7 9 62 4 . 1 7 7 9 5 9  1 . 0 44490 0 . 0 7 0000 1 . 00 
4 . 1 6 5 8 12 4 . 1 6 5 8 1 0  1 . 0 4 1 45 2  0 . 080000 1 . 0 0 
4 . 1 60 3 5 2  4 . 1 60 3 5 1 1 . 040088 0 . 090000 1 . 00 
4 . 1 5 9 5 8 9  4 . 1 5 9 5 8 4  1 . 03 9 89 6 0 . 100000 1 . 0 0 
Tab l e  E . 2  
AM=0 . 002 0 9 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2/SEC ( O I L  SAE 10 ) 
W= 1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
214 
T F C H SA 
! __ LBF/FT2_ ! ___ LBF __ ! _LBF- SEC/FT_ ! __ FT.__,... _ _  FT2_ 
1 . 6 7 3 40 9  
0 . 847 1 9 5  
0 . 5 9 3 943 
0 . 498462 
0 . 472 5 88 
0 . 47908 1 
0 . 49 7 2 2 2  
0 . 5 1 5 7 3 3  
0 . 5 2 9 645 
0 . 5 3 7 9 7 9  
1 . 6 7 3 40 9  
0 . 847 1 9 5  
0 . 5 9 3 943 
0 . 49 8 46 2  
0 . 472 5 8 8  
0 . 4 7 9 0 8 1 
0 . 49 7 2 2 2  
0 . 5 1 5 7 3 3  
. 0 .  52 9 645 
0 . 5 3 7 9 7 9  
1 . 6 7 3 409 
0 . 847 1 9 5  
0 . 5 9 3 943 
0 . 49846 2  
0 . 472 5 8 8  
0 . 47908 1 
0 . 49 7 2 2 2  
0 . 5 1 5 7 3 3  
0 . 5 2 9 645 
0 . 5 3 7 9 7 9  
1 . 6 7 3 409 
0 . 847 1 9 5  
0 . 5 9 3 9 43 
0 . 49 8462 
0 . 472 5 8 8  
0 . 47908 1 
0 . 49 7 2 2 2  
0 . 5 1 5 7 3 3  
0 . 3 3 468 1 
0 . 1 6943 9 
0 . 1 18789 
0 . 099 692 
0 . 0 9 45 1 8  
0 . 09 5 8 1 6 
0 . 099 444 
0 . 103 1 47 
0 . 1 0 5 9 2 9  
0 . 107 5 9 6  
0 . 6 69 3 63 
0 . 3 3 88 7 8  
0 . 2 3 7 5 7 7  
0 . 1 9 9 3 85 
0 . 18903 5 
0 . 1 9 1 63 2  
0 . 1 9 8889 
0 . 2 0 62 9 3  
0 . 2 1 18 5 8  
G . 2 1 5 1 92 
1 . 004045 
0 . 5 083 1 7  
0 . 3 5 63 6 5  
0 . 2 9 9 0 7 7  
0 . 2 8 3 5 5 3  
0 . 2 87 448 
0 . 2 9 8 3 3 3  
0 . 3 09 440 
0 . 3 1 7 7 8 7  
0 . 3 2 2 7 8 7  
1 . 3 3 872 6 
0 . 6 7 7 7 5 6  
0 . 47 5 1 5 4  
0 . 3 9 8 7 6 9  
0 . 3 7 807 1 
0 . 3 8 3 2 6 4  
0 . 3 9 7 7 7 7  
0 . 412 5 8 6  
0 . 08 3 6 70 
0 . 0 42 3 6 0 
0 . 02 9 6 9 7  
0 . 02 492 3 
0 . 02 3 62 9  
0 . 02 3 9 5 4  
0 . 02 48 6 1  
0 . 02 5 7 8 7  
0 . 02 6482 
0 . 02 689 9 
0 . 1 6 7 3 4 1  
0 . 08 47 1 9  
0 . 05 9 3 94 
0 . 049 8 46 
0 . 047 2 5 9  
0 . 047 9 0 8  
0 . 0497 2 2  
0 . 05 1 5 7 3  
0 . 05 2 9 64 
0 . 0 5 3 7 9 8  
0 . 2 5 1 0 1 1  
0 . 1 2 7 0 7 9  
0 . 08909 1 
0 . 0 7 47 6 9  
0 . 070888 
0 . 07 1 8 62 
0 . 074583 
0 . 07 7 3 60 
0 . 079447 
0 .  080.6 9 7  
0 . 3 3 46 8 2  
0 . 1 69 43 9  
0 . 1 1 8 7 88 
0 . 09 9 69 2  
0 . 0945 1 8  
0 .  09 5 8 1 6  
0 . 099444 
0 . 103 1 4 7  
0 . 0 1 0000 
0 . 0 2 0 0 00 
0 . 0 3 0000 
0 . 0 40 0 00 
0 . 0 5 0000 
0 . 0 6 0000 
0 . 0 7 0000 
0 . 0 8 0000 
0 . 09 0000 
0 . 1 0 0000 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 0 40000 
0 . 0 5 0000 
0 . 0 6 0 000 
0 . 0 7 0000 
0 . 080000 
0 . 0 90 0 00 
0 . 1 00000 
0 . 0 1 0000 
0 .· 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 0 0 00 
0 . 0 60 0 00 
0 . 0 7 0000 
0 . 0 8 0 000 
0 . 09 0 0 00 
0 . 1 0 0000 
0 . 0 1 0000 
0 . 020000 
0 . 0 3 0 0 00 
0 . 040000 
0 . 0 5 0 0 00 
0 . 0 6 0000 
0 . 07 0000 
0 . 080000 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 .  2 0  
0 . 2 0 
0 .  2 0  
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 8 0 ' 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 8 0 
0 . 8 0 
21 5 
T ab l e  E . 2  ( c onti �ued ) 
! 0 . 52 9 645 ! 0 . 42 3 7 1 6  0 . 1 0 5 9 2 9 0 . 0 9 0000 0 . 80 
0 . 5 3 79 7 9  0 . 43 0 3 83 0 . 1 0 7 5 9 6  0 . 1 00 000 0 . 80 
1 . 6 7 3 40 9  1 . 6 7 3 409 0 . 4183 5 2  0 . 0 1 0000 1 . 00 
0 . 847 1 9 5  0 . 847 196 0 . 2 1 1 7 9 9  0 . 0 2 0000 1 . 00 
0 . 5 9 3 9 4 3  0 . 5 9 3 9 43 0 . 148486 0 . 0 3 0000 1 . 00 
0 . 498462 0 . 498462 0 . 1246 1 5  0 . 040000 1 . 00 
0 . 472 588 0 . 472 589 0 . 1 1 8 147 0 . 0 50000 1 . 00 
0 . 479 08 1  0 . 47908 1 0 . 1 1 9 7 7 0  0 . 0 6 0000 1 . 00 
0 . 4 9 7 2 2 2  0 . 497222 0 . 1 2 43 05 0 . 0 70000 1 . 00 
0 . 5 1 5 7 3 3  0 . 5 1 5 7 3 3  0 . 1 2 89 3 3  0 . 0 80000 1 . 00 
0 . 5 2 9 645 0 . 5 2 9 645 0 . 1 3 2 4 1 1 0 . 090000 1 . 00 
0 . 5 3 7 9 7 9  0 . 5 3 7 9 7 9  0 . 1 3 4495 0 . 1 00 000 1 . 00 
AM=0 . 00 2 0 9 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2/SEC ( O I L  SAE 1 0 ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F ! . c H SA 
! _._LBF/FT2 __ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 -
1 . 7 0 68 2 9 0 . 3 41 3 6 6  0 . 085 3 4 1  0 . 0 1 0000 0 . 2 0 
1 . 0 7 41 7 6  0 . 2 1 483 5 0 . 0 5 3 709 0 . 02 0000 0 . 2 0 
1 . 09 909 3 0 . 2 1 9 8 1 9  0 . 0 5 49 5 5  0 . 0 3 0000 0 . 2 0 
1 . 1 8 2 9 2 2  0 . 2 3 6584 0 . 0 5 9 1 4 6  0 . 0 40000 ' 0 . 2 0 
1 . 2 1 2 2 5 8  0 .  2 42 45 2  0 . 0 6 0 6 1 3  0 . 0 5 0000 0 . 2 0 
1 . 2 1 1 89 1 0 . 2 42 3 7 8  0 . 0 6 0 5 9 5  0 . 0 60000 0 . 2 0 
1 . 2 07 9 02 0 . 2 41 58 0  0 . 0 60 3 9 5  0 . 0 7 0000 0 . 2 0 
1 . 2 0 6452 0 . 2 41 2 9 1 0 . 0603 2 3  0 . 0 80000 0 . 2 0 
1 . 2 0 643 4 0 . 2 4 1 2 8 7  0 . 0 6 0 3 2 2  0 . 09 0 000 0 . 2 0 
1 . 2 06 6 0 6  0 . 2 4 1 3 2 f 0 . 0603 3 0  0 . 1 00000 0 . 2 0 
1 . 706829 0 . 682 7 3 2  0 . 1 7 0 6 8 3  0 . 0 1 0 000 0 . 40 
1 . 0 7 4 1 7 6  0 . 42 9 6 7 0  0 . 1 0 7 4 1 8  0 . 02 0000 0 . 40 
1 . 0 9 9 0 9 3  0 . 43 9 6 3 7 0 . 109 9 09 0 . 0 3 0000 0 . 40 
1 . 1 8 2 9 2 2  ! - 0 . 473 1 6 9 0 . 1 1 8 2 9 2  0 . 040000 0 . 40 
1 . 2 12 2 5 8  0 . 484904 0 . 1 2 1 2 2 6 0 . 0 5 0000 0 . 40 
1 . 2 1 189 1 0 . 4847 5 7  0 . 12 1 1 8 9  0 . 0 60000 0 . 40 
1 . 2 0 7 9 0 2  0 . 483 1 6 1  0 . 1 2 0 7 9 0  0 . 0 7 0000 0 . 40 
1 . 2 0 6452 0 . 482 5 8 1 0 . 1 2 0 6 4 5  0 . 0 8 0 000 0 . 40 
1 . 2 0 6 43 4  0 . 482 5 7 4  0 . 1 2 0 6 43 0 .  0 9 0000 " 0 . 40 
1 . 2 0 6 6 0 6 0 . 482 642 0 . 12 0 6 6 1  0 . 1 0 0 000 0 . 40 
1 . 7 0 682 9 1 . 02 409 7 0 . 2 5 602 4 0 . 0 1 0000 0 . 60 
1 . 0 7 4 1 7 6 0 . 6445 0 6  0 . 1 6 1 1 2 6  0 . 02 0 000 0 . 60 
1 . 0 9 9 0 9 3  0 . 6 5 9 45 6  0 . 1 64·8 6 4  0 . 03 0000 0 . 60 
1 . 1 82 9 2 2  0 . 7 0 9 7 5 4  0 . 1 7 7 43 8  0 . 040000 0 . 60 
1 . 2 12 2 5 8  0 . 7 2 7 3 5 5  0 . 1 8 1 83 9 0 . 0 5 0 000 0 . 60 
216 
Tab l e  E . 2  ( c onti �ued ) 
! 1 . 2 1 1 89 1  ! 0 . 72 7 1 3 5  0 . 1 8 1 7 8 4  0 . 060000 0 . 60 
1 . 2 07 902 0 . 724741 0 . 1 8 1 1 8 5  0 . 0 7 0000 0 . 60 
1 . 2 0 6452 0 . 72 3 87 1 0 . 1 8 0 9 6 8  0 . 080000 0 . 60 
1 . 2 0643 4 0 . 723 86 1 0 . 1809 6 5  0 . 09 0000 0 . 60 
1 . 2 0 6 60 6  0 . 72 3 9 64 0 . 1 80 9 9 1  0 . 1 00000 0 . 60 
1 . 7 0 68 2 9  1 . 3 6 546 2  0 . 3 4 1 3 6 6  0 . 0 1 0000 0 . 80 
1 . 0 7 4 1 7 6  0 . 85 9 3 4 1  0 . 2 1 483 5  0 . 02 0000 0 . 80 
1 . 0 9 9 0 9 3  0 . 8792 7 5  0 . 2 19 8 1 9  0 . 0 3 0000 0 . 80 
1 . 1 8 2 9 2 2  0 . 9463 3 8  0 . 2 3 6 5 8 4  0 . 04 000 0 . 80 
1 . 2 1 2 2 5 8  0 . 9 69 80 7  0 . 2 42 45 2  0 . 05 0000 0 . 80 
1 . 2 1 189 1 0 . 9 69 5 1 4  0 . 2 42 3 7 8 0 . 060000 0 . 80 
1 . 2 07 9 02 0 . 9 6 6 3 2 2  0 . 2 4 1 5 8 0  0 . 07 0000 0 . 80 
1 . 2 06452 0 . 9 65 1 62 0 . 2 4 1 2 9 0  0 . 080000 0 . 80 
1 . 2 0 643 4 0 . 9 6 5 148 0 . 2 4 1 2 8 7  0 . 09 0000 0 . 80 
1 . 2 0 6 60 6  0 . 9 6 5285 0 . 2 4 1 3 2 1 ! 0 . 100000 0 . 80 
1 . 7 0 6 8 2 9  1 . 706830 0 . 42 6 7 08 0 . 0 1 0000 1 . 00 
1 . 0 7 4 1 7 6  1 . 0741 7 6  0 . 2 68 5 44 0 . 02 0000 1 . 00 
1 . 0 9 9 09 3  1 . 099093 0 . 2 74 7 7 4  0 . 03 0000 1 . 00 ' 
1 . 1 8 2 9 2 2  . ! 1 . 182922 0 . 2 9 5 7 3 1 0 . 040000 1 . 00 
1 . 2 12 2 5 8  1 . 2 12 2 5 8  0 . 3 0 3 0 6 5  0 . 05 0000 1 . 00 
1 . 2 1 1 8 9 1 1 .  2·1 1 892 0 . 3 0 2 9 7 3  0 . 0 60000 1 . 00 
1 . 2 07 9 02 1 . 2 0 7 9 0 1  0 . 3 0 1 9 7 5  0 . 0 7 0000 1 . 00 
1 . 2 06452 1 . 2 0 6452 0 . 3 0 1 6 1 3  0 . 080000 1 . 00 
1 . 2 06 43 4 1 . 2 0643 4 0 . 3 0 1 609 0 . 09 0000 1 . 00 
1 . 2 0 6 6 06 1 . 20 6606 0 . 3 0 1 65 1  0 . 1 00000 1 . 00 
AM=0 . 002090 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2/SEC ( O I L  SAE 1 0 ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 





! LBF __ ! _LBF- SEC/FT_ ! __ FT -FT2 -
1 . 7 8 1 8 3 1 0 . 3 5 63 6 6  0 . 08 9 09 1 0 . 0 1 0000 0 . 2 0  
1 . 43 72 44 0 . 2 8 7449 0 . 07 1 862 0 . 02 0000 0 . 2 0  ' 
1 . 5 8 8 9 4 1  0 . 3 1 7 7 88 0 . 0 7 9 447 0 . 03 0000 0 . 2 0 
1 . 62 83 14 0 . 3 2 5 6 6 3 0 . 08 1 4 1 6  0 . 040000 0 . 2 0 
1 . 62 1 8 3 1 0 . 3 2 43 6 6  0 . 08 1 09 2  0 . 05 0000 0 . 2 0 
1 . 6 1 8 6 2 5  0 . 3 2 3 7 2 5  0 . 08093 1 0 . 0 60000 0 . 2 0  
1 . 6 1 8 7 0 6  0 . 3 2 3 7 4 1  0 . 0809 3 5  0 . 07 0000 0 . 2 0 
1 . 6 1 89 3 7  0 . 3 2 3 7 8 7  0 . 080947 0 . 080000 0 . 2 0 
1 . 6 1 8 9 6 8  0 . 3 2 3 7 9 3  0 . 080948 0 .  09 0000 " 0 . 2 0  
1 . 6 1 8 9 44 0 . 3 2 3 7 8 9  0 . 08094 7 0 . 1 0 0000 0 . 2 0 
1 . 7 8 1 8 3 1 0 . 7 12 7 32 0 . 1 7 8 1 83 0 . 0 1 0000 0 . 40 
1 . 43 72 44 0 . 5 7 489 7 0 . 143 72 4 0 . 02 0000 0 . 40 
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T ab le E . 2  ( conti nued ) \ 
1 . 5 88 9 4 1  0 .  6·3 5 5 7 6  0 . 1 5 8 8 9 4  0 . 0 3 0000 0 . 40 
1 . 6 2 83 1 4  0 . 6 5 1 3 2 5 0 . 1 62 83 1 0 . 0 40000 0 . 40 
1 . 6 2 183 1 0 . 648 7 3 2  0 . 1 6 2 1 8 3  0 . 0 5 00 0 0  0 . 40 
1 . 6 18 62 5  0 . 647449 0 . 1 6 1 8 62 0 . 0 60000 0 . 40 
1 . 6 1 8 7 0 6  0 . 64748 1 0 . 1 6 1 8 70 0 . 0 7 0000 0 . 40 
1 . 6 18 9 3 7 0 . 647 5 7 4  0 . 1 6 18 9 4  0 . 080000 0 . 40 
1 . 6 18 9 6 8  0 . 647 587 0 . 1 6 189 7 0 . 0 9 0000 0 . 40 
1 . 6 1 8 9 44 0 . 647 5 7 7  0 . 1 6 1 8 9 4  0 . 1 00000 0 . 40 
1 . 7 8 183 1 1 . 069098 0 . 2 6 7 2 7 5  0 . 0 10000 0 . 60 
1 . 43 72 44 0 . 862 3 4 6  0 . 2 1 5 5 8 7  0 . 0 20000 0 . 60 
1 . 5889 4 1  0 . 9 5 3 3 64 0 . 2 3 83 4 1 0 . 0 3 0000 0 . 60 
1 . 6283 1 4  0 . 9 7 6 9 8 8  0 . 2 442 47 0 . 0 40000 0 . 60 
1 . 62 1 83 1 0 . 9 7 3 099 0 . 2 43 2 75 0 . 0 5 0000 0 . 60 
1 . 6 1 8 62 5  0 . 9 7 1 1 7 5  0 . 2 42 79 4  0 . 0 60000 0 . 60 
1 . 6 1 8 7 0 6  0 . 9 7 12 2 3 0 .  2 42 90 6  0 . 0 7 0000 0 . 60 
1 . 6 1 893 7 0 . 9 7 1 3 62 0 . 2 42 8 40 0 . 080000 0 . 60 
1 . 6 1 8968 0 . 9 7 1 3 8 0  0 . 2 42 845 0 . 090000 0 . 60 
1 . 6 1 8944 0 . 9 7 1 3 6 6  0 . 2 42 842 0 . 1 00000 0 . 60 
" 1 . 7 8 1 8 3 1 1 . 42 5 4 6 4  0 . 3 5 63 6 6 0 . 0 1 0000 0 . 80 
1 . 43 7 2 44 1 . 1 49 7 9 6  0 . 2 87 449 0 . 02 0000 0 . 80 
1 . 5 8 8 9 4 1  1 . 2 7 1 1 5 2  0 . 3 1 7 788 0 . 0 3 0000 0 .  80 -
1 . 6 2 8 3 1 4  1 . 3 02 65 1 0 . 3 2 5 6 6 3  0 . 0 40000 0 . 80 
1 . 6 2 1 8 3 1 1 . 2 9 7 464 0 . 3 2 43 6 6 0 . 0 5 0000 0 . 80 
1 . 6 1 862 5 1 . 2 9 4900 0 . 3 2 3 72 5  0 . 0 6 0000 0 . 80 
1 . 6 1 8 7 0 6  1 . 2 9 49 6 4  0 . 3 2 3 7 4 1  0 . 0 7 0000 0 . 80 
1 . 6 1 893 7 1 . 2 9 5 1 49 0 . 3 2 3 7 8 7  0 . 080000 0 . 80 
1 . 6 1 8 9 6 8  1 . 2 9 5 1 7 4  0 . 3 2 3 7 9 3  0 . 0 90000 0 . 80 
1 . 6 1 8944 1 . 2 9 5 1 5 5  0 . 3 2 3 789 0 . 1 00000 0 . 80 
1 . 7 8 1 83 1 1 . 7 8 1 8 3 0  0 . 445457 0 . 0 1 0000 1 . 0 0 
1 . 43 7 2 44 1 . 43 7 2 44 0 . 3 5 9 3 1 1  0 . 02 0000 1 . 00 
1 . 5 8 8 9 4 1  1 . 5 88 9 40 0 . 3 9 7 2 3 5  0 . 0 3 0000 1 . 00 
1 . 6 2 8 3 1 4  1 . 6 2 8 3 1 4  0 . 407 0 7 9  0 . 040000 1 . 00 
1 . 62 1 83 1 1 . 62 1 83 1 0 . 405458 0 . 0 5 0 0 0 0  1 . 00 
1 . 6 1 8 62 5  1 . 6 1 8 62 5  0 . 40465 6 0 . 0 60000 1 . 00 
1 . 6 1 8 7 0 6  1 . 6 1 8 7 0 5  0 . 40 467 6 0 . 0 7 0 0 0 0  1 . 00 
1 . 6 1 89 3 7  1 . 6 1 89 3 6  0 . 40 47 3 4  0 . 0 80000 1 . 00 
1 . 6 1 8 9 6 8  1 . 6 1 8 9 6 8  0 . 404742 0 . 0 9 0000 1 . 0 0 
1 . 6 1 8 9 44 1 . 6 1 8943 0 . 40 4 7 3 6  0 . 1 00000 1 . 00 
0 
0 
U N S T E A. D Y  F � O w 
0��.-0-0 ______ 2,4-.-2-0 _____ 418-.-4-0-----7�2-.-6-0-----9�6-.-8-0----�i 2 1  . oo 
W - � .A. Q 1 S E C 
Figure E .  2 .  DAMPER COEFFICIENT VS FREQUENCY ( OIL SAE 10 ) .  
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T ab l e  E . 3 
AM=0 . 00002 0 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0000 1 3 0  FT2 /SEC ( WATER ) 
W= 1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
! T F C H SA 
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! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT
�
! __ FT __ _  FT2_ 
0 . 070448 0 . 0 1 409 0  0 . 003 5 2 2  0 . 0 1 0000 0 . 2 0 
0 . 0 7 0 1 6 6  0 . 0 1403 3  0 . 003 5 0 8  0 . 0 2 0000 0 . 2 0 
0 . 0 7 0 1 65 0 . 0 1 40 3 3 0 . 003 5 0 8  0 . 0 3 0000 0 . 2 0 
0 . 0 7 0 1 65 0 . 0 1 403 3  0 . 003 5 0 8  0 . 040000 0 . 2 0 
0 . 0 7 0 1 6 5  0 . 0 1403 3  0 . 003 5 0 8  0 . 0 50000 0 . 2 0 
0 . 0 7 0 1 6 3  0 . 0 1 40 3 3  0 . 003 5 0 8  0 . 060000 0 . 2 0 
0 . 0 7 0 1 63 0 . 0 1 40 3 3 0 . 003 5 0 8  0 . 0 7 0000 0 . 2 0 
0 � 0 7 0 1 65 0 . 0 1 403 3 0 . 003 5 0 8  0 . 080000 0 . 2 0 
0 . 07 0 1 64 0 . 0 1 403 3 0 . 003 5 0 8  0 . 0 9 00 0 0  0 . 2 0 
0 . 0 7 0 1 63 0 . 0 1 40 3 3  0 . 003 5 0 8  0 . 1 0 00 00 0 . 2 0 
· 0 . 0 7 0 448 0 . 02 8 1 7 9  0 . 007045 0 . 0 1 00 00 
0 . 0 7 0 1 6 6  0 . 02 80 6 6  0 . 0070 1 7  0 . 0 2 0000 
0 . 0 7 0 1 65 0 . 02 8 0 6 6  0 . 007 0 1 6  0 . 0 3 0000 
0 . 0 7 0 1 65 0 . 02 80 6 6  0 . 007 0 1 6  0 . 040000 
0 . 0 7 0 1 6 5  0 . 0 2 80 6 6  0 . 007 0 1 6  0 . 0 5 0000 
0 . 0 7 0 1 6 3  0 . 0 2 8 0 6 5  0 . 007 0 1 6 0 . 060000 
0 . 0 7 0 1 63 0 . 02 8065 0 . 007 0 1 6  0 . 0 70000 
0 . 0 7 0 1 65 0 . 02 8 0 6 6  0 . 007 0 1 6 0 . 0 80000 
. 0 . 0 7 0 1 64 0 . 0 2 80 6 6  0 . 007 0 1 6 0 . 0 90000 
0 . 0 7 0 1 63 0 . 028065 0 . 0070 1 6  0 . 1 00000 
0 . 0 7 0 448 
0 . 0 7 0 1 6 6  
0 . 0 7 0 1 65 
0 . 0 7 0 1 6 5 
0 . 0 7 0 1 6 5 
0 . 0 7 0 1 63 
0 . 0 7 0 1 6 3  
0 . 0 7 0 1 65 
0 . 07 0 1 6 4  
0 . 0 7 0 1 63 
0 . 0 7 0 448 
0 . 0 7 0 1 6 6  
0 . 0 7 0 1 65 
0 . 0 7 0 1 6 5 
0 . 07 0 1 65 
0 . 07 0 1 63 
0 . 0 7 0 1 6 3  
0 . 0 7 0 1 65 
0 � 042 2 6� 0 . 0 1 0 5 6 7  0 . 0 1 0000 
0 . 042 09 9  0 . 0 1 052 5 0 . 02 0000 
0 . 042 09 9  0 . 0 1 052 5 0 . 0 3 0000 
0 . 042 09 9  0 . 0 1052 5 0 . 040000 
0 . 0 42 09 9  0 . 0 1 0 5 2 5  0 . 0 5 0000 
0 . 042 09 8  0 . 0 1 052 5 0 . 0 60000 
0 . 042 098 0 . 0 1 052 5 0 . 0 7 0000 
0 . 042 099 0 . 0 1 0 5 2 5  0 . 0 8 0000 
0 . 042 09 9  0 . 0 1 0 5 2 5  0 . 0 9 0 000 
0 . 0 42 09 8  0 . 0 10 5 2 5  0 . 1 0 0 000 
0 . 0563 5 9  0 . 0 1 40 9 0  0 . 0 1 0000 
0 . 0 5 6 1 3 2  0 . 0 1 403 3 0 . 0 2 0000 
0 . 0 5 6 1 3 2  0 . 0 1 403 3 0 . 0 3 0 000 
0 . 0 5 6 1 3 2  0 . 0 1 403 3 0 . 040000 
0 . 05 6 1 3 2  0 . 0 1 403 3 0 . 0 5 0000 
0 . 0 5 6 1 3 1 0 . 0 1 40 3 3  0 . 0 60 00 0  
0 . 0 5 6 1 3 1 0 . 0 1 403 3 0 . 0 7 0000 
0 . 05 6 1 3 2  0 . 0 1 403 3 0 . 0 8 0000 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
Tabl e  E . 3  ( continued ) 
! 0 . 0 7 0 1 6 4  ! 0 . 05 6 13 2  0 . 0 1 40 3 3 
0 . 0 7 0 1 6 3  0 . 05 6 1 3 1 0 . 0 1 40 3 3 
0 . 0 7 0448 0 . 07 0448 0 . 0 1 7 6 12 
0 . 0 7 0 1 6 6  0 . 070 1 66 0 . 0 1 7 5 4 1  
0 . 0 7 0 1 6 5  0 . 070 1 65 0 . 0 1 7 5 4 1  
0 . 0 7 0 1 6 5  0 . 070 1 65 0 . 0 1 7 5 4 1  
0 . 0 7 0 1 6 5  0 . 07 0 1 65 0 . 0 1 7 5 4 1  
0 . 0 7 0 1 6 3  0 . 070 1 64 0 . 0 1 7 5 4 1  
0 . 0 7 0 1 6 3  0 . 070 1 63 0 . 0 1 7 5 4 1  
0 . 0 7 0 1 6 5  0 . 070 1 65 0 . 0 1 7 5 4 1  
0 . 0 7 0 1 64 0 . 070 1 65 0 . 0 1 7 5 4 1  
0 . 0 7 0 1 6 3  0 . 0 70 1 63 0 . 0 1 7 5 4 1  
AM=0 . 00002 0 LBF- SEC/FT2 ( UNS TEADY FLOW ) 
V=0 . 00 0 0 1 3 0 FT2/SEC ( WATER ) 
W=50 . 00 0  RAD/SEC 
A= 4 . 0 0 0  FT/SEC 
! T F c 
0 . 09 0000 
0 . 10 0000 
0 . 0 1 0 000 
0 . 02 0 000 
0 . 0 3 0 000 
0 . 040000 
0 . 05 0000 
0 . 0 6 0000 
0 . 0 7 0000 
0 . 080000 
0 . 09 0000 
0 . 1 00000 
H 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT 
0 . 1 5 68 9 3  0 . 03 1 3 7 9  0 . 0 0 7 8 45 0 . 0 1 0000 
0 . 1 5 6 8 9 0  0 . 03 13 7 8 0 . 0 0 7 8 45 0 . 0 2 0 000 
0 . 1 5 68 9 3  0 . 03 1 3 7 9  0 . 0 0 7 8 45 0 . 0 3 0 0 00 
0 . 1 5 6 893 0 . 03 1 3 7 9  0 . 007845 0 . 040000 
0 . 1 5 6 8 9 0  0 . 03 1 3 7 8  0 . 007845 0 . 0 5 00 00 
0 . 1 5 6 89 0 0 . 03 1 3 7 8  0 . 0 0 7 8 45 0 . 0 60 0 0 0  
1 . 00000 0  4 . 000000 1 . 000 0 0 0  0 . 0 7 0 0 0 0  
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0 . 80 
0 . 80 
1 . 0 0 
1 . 00 
1 . 00 
' 1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 0 0 
SA 
FT2 - -
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
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APPENDIX F 
BOTH ENDS OF THE DAMPER 
ARE EXCITED BY OUT OF PHASE 
PERIODIC MOTIONS WITH DIFFERENT 
VELOCITIES 
TABLES & PLOTS 
222 
Tab le F . l 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0085 000 FT2/SEC ( LUBR I CAT I NG O I L  SAE 3 0 ) 
W= 1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF ____ ! __ LBF- SEC/FT_ ! __ ..._ FT FT2 -
5 . 009 6 0 5  2 . 003 8 41 0 . 5009 6 1  0 . 0 1 0000 0 .  20 
2 . 5 0 1 9 2 6 1 . 000 7 7 0  0 . 2 5 0 1 9 3  0 . 02 0000 0 . 2 0 
1 . 6 5 9 7 42 0 . 6 63 89 7  0 . 1 6 5 9 7 4  0 . 03 0000 0 . 2 0 
1 . 2 2 8 9 0 9  0 . 49 1 56 3  0 . 1 2 2 8 9 1 0 . 0 40000 0 . 2 0 
0 . 9 5 8 7 4 6  0 . 3 83 49 8  0 . 095 8 7 5  0 . 05 0000 0 . 2 0 
0 . 7 68 3 1 6  0 . 3 0 7 3 2 6  0 . 0 7 6 8 3 2  0 . 0 60000 0 . 2 0 
0 . 62 7 8 9 5  0 . 2 5 1 1 5 8  0 . 062 7 8 9  0 . 0 7 0000 0 . 2 0 
0 . 52 8 1 6 6 0 . 2 1 12 66 0 . 05 2 8 1 7  0 . 08000 0  0 . 2 0 
0 . 46 6 8 6 4  0 . 1 8 6 7 46 0 . 046 68 6 0 . 09 0000 0 . 2 0 
0 . 4402 5 4  0 . 1 7 6 1 02 0 . 04402 5 0 . 1 00000 0 . 2 0 
5 . 009 605 4 . 007 683 1 . 00 1 92 1 0 . 0 1 00 00 0 . 40 
2 . 50 192 6 2 . 0 0 1 540 0 . 5003 8 5  0 . 02 0000 0 . 40 
1 . 6 5 9 7 42 1 . 3 2 7 79 3  0 . 3 3 1 9 48 0 . 0 3 0000 0 . 40 
1 . 22 8 9 0 9  0 . 9 8 3 12 7 0 . 2 45 7 82 0 . 0 40000 0 . 40 
0 . 9 5 8 7 4 6  0 . 7 6 6 9 9 7  0 . 1 9 1 7 49 0 . 05 0000 0 . 40 
0 . 7 6 8 3 1 6  0 . 6 1 46 5 3  0 . 1 5 3 6 6 3  ! 0 . 0 6 0000 0 . 40 
0 . 62 7 8 9 5  0 . 5023 1 5  0 . 12 5 5 7 9  0 . 0 7 0000 0 . 40 
0 . 52 8 1 6 6 0 . 42 2 5 3 2  0 . 105 6 3 3 0 . 080000 0 . 40 
· 0 . 4 6 6 8 6 4  0 . 3 7 3 49 1  0 . 09 3 3 7 3 0 . 09 0000 0 . 40 
0 . 4402 5 4  0 . 3 52 2 03 0 . 08805 1 0 . 1 0 00 00 0 . 40 
5 . 0 0 9 6 0 5  6 . 0 1 1 52 8  1 . 5 02 8 82 0 . 0 1 0000 0 . 60 
2 . 5 0 1 9 2 6 3 .  002 3 1 2·- 0 . 7 5 0 5 7 8  0 . 02 0000 0 . 60 
1 . 65 9 7 42 1 . 9 9 1 6 9 0  0 . 49 7 9 2 3  0 . 0 3 0000 0 . 60 
1 . 22 8909 1 . 474689 0 . 3 68 6 72 0 . 040000 0 . 60 
0 . 9 5 8 7 4 6  1 . 1 5 0495 0 .  2 8 7 62 4  0 . 0 5 0000 0 . 60 
0 . 76 8 3 1 6  0 . 9 2 1 9 7 9 0 . 2 3 049 5  0 . 0 60000 0 . 60 
0 . 62 7 8 9 5  0 . 7 5 3 4 74 0 . 1 8 8 3 6 8  0 . 0 7 0000 0 . 60 
0 . 5 2 8 1 6 6  0 . 63 3 7 9 9  0 . 1 5 8 45 0  0 . 0 80000 0 . 60 
0 . 46 6 8 64 0 . 5 602 3 7  0 . 14005 9 0 . 0 9 0 0 0 0  0 . 60 
0 . 4402 5 4  0 . 5 2 8 3 0 5  0 . 1 3 2 07 6 0 . 1 00000 0 . 60 
5 . 009 6 0 5  8 . 0 1 5 3 6 9 2 . 003 842 0 . 0 1 0000 ' 0 . 80 
2 . 5 0 1 9 2 6 4 . 003 0 7 8  1 . 000 7 7 0  0 . 02 0000 0 . 80 
1 . 6 5 9 7 42 2 . 6 5 5 5 8 7  0 . 6 63 89 7 0 . 0 3 0 0 0 0  0 . 80 
1 . 2 2 8909 1 . 9 6 62 5 3  0 . 49 1 5 63 0 . 040000 0 . 80 
0 . 9 5 8 7 4 6 1 . 5 3 3 9 9 3  0 . 3 8 3 49 8  0 . 0 5 0 0 0 0  0 . 8 0 
0 . 7 68 3 1 6  1 . 2 2 9 3 0 5 0 . 3 0 7 3 2 6 0 . 06 0000 0 . 8 0 
0 . 62 7 8 9 5  1 . 00463 1 0 . 2 5 1 1 5 8  0 . 0 7 0000 0 . 8 0 
0 . 52 8 1 6 6  0 . 845 0 6 5  0 . 2 1 1 2 6 6  0 . 0 8 0 000 0 . 80 
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Tab l e  F . 1 ( c ont i nued ) 
0 . 4 6 6 8 6 4  ! 0 . 746982 0 . 1 8 6 7 4 6  0 . 090000 0 . 80 
0 . 4402 5 4  0 . 7 04407 0 . 1 7 6 1 02 0 . 1 00000 0 . 80 
5 . 0 0 9 6 0 5  1 0 . 0 1 9 2 1 5  2 . 5 04804 0 . 0 1 0000 1 . 00 
2 . 5 0 1 9 2 6  5 . 003 853 1 . 2 5 09 63 0 . 02 0000 1 . 00 
1 . 6 5 9 7 42 3 . 3 19 485 0 . 82 9 8 7 1 0 . 0 3 0000 1 . 00 
1 . 2 2 89 0 9  2 . 4578 1 7  0 . 6 1 4454 0 . 040000 1 . 00 
0 . 9 5 8746 1 . 9 1 7 492 0 . 47 9 3 73 0 . 0 5 0000 1 . 00 
0 . 7 683 1 6  1 . 5 3 6 6 3 3  0 . 3 84 1 5 8  0 . 0 60000 1 . 00 
0 . 6 2 7 8 9 5  1 . 2 5 5 789 0 . 3 1 3 9 47 0 . 0 7 0000 1 . 00 
0 . 5 2 8 1 6 6  1 . 0 5 6 3 3 2  0 . 2 64083 0 . 080000 1 . 00 
0 . 4 6 6 8 6 4  0 . 9 3 3 72 8  0 . 2 3 3 43 2  0 . 090000 1 . 00 
0 . 4402 5 4  0 . 880509 0 . 2 2 0 1 2 7  0 . 1 00000 1 . 00 
AM=0 . 008 3 5 0 LBF - SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 8 5000 FT2/SEC ( LUBR I CAT ING O I L  SAE 3 0 ) 
W=50 . 00 0  RAD/SEC 
A= 4 . 000 FT/SEC 
T F ! . c H SA 
! _LBF/FT2_ ! LBF ! LBF- SEC/FT ! FT FT2 -- -- - -- - -
! 5 . 000412 2 . 000 1 64 0 . 500041 0 . 0 1 0000 0 . 2 0 
2 . 43 3 07 7  0 . 9 73 2 3 1 - 0 . 2 43 3 08 0 . 02 0000 0 . 2 0 
1 . 485 8 1 0  0 . 5 943 2 4  0 . 1 48 5 8 1  0 . 03 0000 0 . 2 0 
1 . 049 4 1 0  0 . 4 19 7 64 0 . 1 04941 0 . 040000 0 . 2 0 
0 . 9 8 7 6 5 7  0 . 3 95 063 0 . 0 9 8 7 6 6  0 . 05 0000 0 . 2 0 
1 . 0 8 7 8 7 2  0 . 43 5 1 49 0 . 1 0 8 7 8 7  0 . 060000 0 . 2 0 
1 . 1 9 1 9 2 3  0 . 47 6 7 69 0 . 1 1 9 1 9 2  0 . 070000 0 . 2 0 
1 . 2 5 7 62 5  0 . 5 03 050 0 . 1 2 5 7 62 0 . 080000 0 . 2 0 
1 . 2 8 7 7 82 0 . 5 1 5 1 1 3 0 . 1 2 8 7 78 0 . 09 0000 "0 . 2 0 
1 . 2 9 5 68 8  0 . 5 1 82 75
-
0 . 1 2 9 5 69 0 . 1 00000 0 . 2 0 
5 . 000412 4 . 0003 2 8  1 . 000082 0 . 0 1 0000 0 . 40 
2 . 43 3 0 7 7  1 . 9 46462 0 . 48 6 6 1 5 0 . 02 0000 0 . 40 
1 . 485 8 1 0 1 . 1 88 648 0 . 2 9 7 1 6 2 0 . 03 0000 0 . 40 
1 . 049 4 1 0  0 . 8 3 952 8 0 . 2 09 882 0 . 040000 0 . 40 
0 . 9 8 7 6 5 7  0 . 7 9 0 12 6  0 . 1 9 7 5 3 1 0 . 050000 0 . 40 
1 . 0 8 7 8 7 2 0 . 8 7 02 98 0 . 2 1 7 5 7 4  0 . 0 60000 0 . 40 
1 . 1 9 1 9 2 3  0 . 9 5 3 5 3 9  0 . 2 3 8 3 85 0 . 07 0000 0 . 40 
1 . 2 5 7 62 5  1 . 006 100 0 . 2 5 1 5 2 5  0 . 080000 0 . 40 
1 . 2 8 7 7 82 1 . 0 3 022 6 0 . 2 5 7 5 5 6  0 . 090000 · 0 . 40 
1 . 2 9 5 6 8 8  1 . 0 3 6550 0 . 2 5 9 1 3 8  0 . 100000 0 . 40 
5 . 000412 6 . 000492 1 . 500 12 3  0 . 0 1 0000 0 . 6 0 
2 . 43 3 0 7 7  2 . 9 1 9 6 92 0 . 72 992 3 0 . 02 0000 0 . 60 
1 . 48 5 8 1 0 1 . 7 82 9 7 3 0 . 445 743 0 . 03 0000 0 . 60 
1 . 049 4 1 0  1 . 2 5 9292 0 . 3 1 482 3  0 . 040000 0 . 60 
0 . 9 8 7 6 5 7  1 . 185 188 0 . 2 9 6 2 9 7 0 . 050000 0 . 60 
. .  
� r: 
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Tab l e  F . 1 ( c onti nued ) 
1 . 0 8 7 8 7 2  1 . 3 05 447 0 . 3 2 63 6 2  0 . 0 6 0000 0 . 60 
1 . 1 9 1 9 2 3  1 . 43 03 0 7  0 . 3 5 7 5 7 7  0 . 0 7 0000 0 . 60 
1 . 2 5 7 62 5  1 . 5 0 9 1 5 0  0 . 3 7 7 2 88 0 . 0 80000 0 . 60 
1 . 2 87 7 82 1 . 5 45 3 3 9  0 . 3 8 63 3 5  0 . 0 90000 0 . 60 
1 . 2 9 5 688 1 . 5 5 48 2 5  0 . 3 88706 0 . 1 00000 0 . 60 
5 . 0 0 0412 8 . 000656 2 . 0001 6 4  0 . 0 1 0000 0 . 80 
2 . 43 3 0 77 3 .  892 9 2 2  - 0 . 9 7 3 2 3 1 0 . 02 0000 0 . 80 
1 . 48 5 8 1 0  2 . 3 77 2 9 6  0 . 5 9 43 2 4  0 . 0 3 0 000 0 . 80 
1 . 049410 1 . 679054 0 . 41 9 7 6 4  · o .  0 4o ooo 0 . 80 
0 . 9 8 7 65 7  1 . 5 802 5 1  0 . 3 9 5 0 63 0 . 0 5 0 000 0 . 80 
1 . 087872 1 . 7 40 5 9 5  0 . 43 5 149 0 . 0 60 000 0 . 80 
1 . 1 9 1 9 2 3  1 . 9 0 7 0 7 6  0 . 47 6 7 69 0 . 0 70000 0 . 80 
1 . 2 5 7 62 5  2 . 0 12 199 0 . 5 0 3 0 5 0  0 . 0 8 0000 0 . 80 
1 . 2 8 7 7 82 2 . 0 60450 0 . 5 1 5 1 12 0 . 09 0000 0 . 80 
1 . 2 9 5 6 88 2 . 0 7 3 09 9  0 . 5 182 7 5  0 . 1 0 0000 0 . 80 
5 . 000412 1 0 . 0008 2 8  2 . 500207 0 . 0 1 0 000 1 . 00 
2 . 43 3 0 7 7  4 . 8 6 6 1 5 4  1 . 2 1 65 3 8 0 . 02 0000 1 . 0 0 
·1 .  485 8 1 0 2 . 9 7 1 62 2  0 . 7 42 9 0 6  0 . 0 3 0000 1 . 00 
1 . 0 49 4 1 0  2 . 09882 0  0 . 5 2 4705 0 . 040000 1 . 00 
0' . 9 8 7 65 7  1 .  9 7 5 3'1 4 0 . 49 3 82 9  0 . 0 50000 1 . 00 
1 . 087 872 2 . 1 7 5 745 0 . 5 43 9 3 6 0 . 0 60000 1 . 00 
1 . 1 9 1 9 2 3  2 . 3 83 847 0 . 5 9 5 9 62 0 . 0 7 0000 1 . 00 
1 . 2 5 7 6 2 5  2 . 5 1 5 2 5 0  0 . 62 8 8 1 3  . ! 0 . 080000 1 . 00 
1 . 2 8 7 782 2 . 5 7 5 5 64 0 . 643 89 1  0 . 09 0000 1 . 00 
1 . 2 9 5 6 88 2 . 5 9 1 3 7 5  0 . 647 844 0 . 1 00000 1 . 00 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0085000 FT2/SEC ( LUBR I CAT I NG O I L  SAE 3 0 ) 
W=90 . 0 00 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 - -
4 . 9 7 9 2 3 1  1 . 9 9 1 6 9 1 0 . 49 7 9 2 3  0 . 0 1 00 0 0  0 . 2 0 ' 
2 . 3 0 4949 0 . 9 2 1980 0 . 2 3 0495 0 . 02 00 00 0 . 2 0 
1 . 400 5 89 0 . 5 602 3 5  0 . 140059 0 . 03 0000 0 . 2 0  
1 . 3 6 48 2 5  0 . 54593 0 0 . 13 6 48 2  0 . 040000 0 . 2 0  
1 . 5 6 2 9 9 3  0 . 6 2 5 1 9 7  0 . 1 5 6 2 9 9  0 . 0 5 0000 0 . 2 0 
1 . 6 9 02 9 6  0 . 6 7 6 1 1 8  0 . 1 6 903 0 0 . 0 6 0000 0 . 2 0 
1 . 7 3 4444 0 . 6 9 3 7 7 7  0 . 1 7 3 444 0 . 0 7 0000 0 . 2 0 
1 . 7 3 6 6 9 7  0 . 6 9 4 6 7 9  0 . 1 7 3 6 7 0  0 . 080 000 0 . 2 0 
1 . 7 2 7 923 0 . 6 9 1 1 6 9  0 . 1 7 2 7 9 2  0 . 090000 0 . 2 0 
1 . 7 2 1 0 1 4  0 . 68840 6 0 . 1 7 2 1 0 1  0 . 100000 0 . 2 0 
4 . 9 7 9 2 3 1  3 . 9 8 3 3 8 3  0 . 9 9 5 846 0 . 0 1 0000 0 . 40 
2 . 3 0 49 49 1 . 8 43 9 60 0 . 4609 9 0  0 . 02 0 0 0 0  0 . 40 
225 
T ab l e  F . 1 ( conti nued ) 
1 . 4005 8 9  1 . 12 0470 0 . 2 8 0 1 1 8  0 . 0 3 0 000 0 . 40 
1 . 3 6 482 5 1 . 0 9 1 860 0 . 2 72 9 6 5  0 . 040000 0 . 40 
1 . 5 62 9 9 3  1 . 2 503 9 4  0 . 3 12 5 9 9  0 . 0 50000 0 . 40 
1 . 6 9 02 9 6  1 . 3 5 2 2 3 7  0 . 3 3 80 5 9  0 . 0 60000 0 . 40 
1 . 7 3 4444 1 . 3 87 5 5 5  0 .  3 46 8 8 9  0 . 0 7 0000 0 . 40 
1 . 7 3 6 6 9 7  1 . 3 8 9 3 5 8  0 . 3 47 3 40 0 . 080000 0 . 40 
1 . 7 2 7 9 2 3  1 . 3 82 3 3 8  0 . 3 45 5 8 4  0 . 0 90000 0 . 40 
1 . 72 1 0 1 4  1 . 3 7 68 1 1  0 .  3 442 0 3  0 . 1 00000 0 . 40 
4 . 9 7 9 2 3 1 5 . 9 7 5075 1 . 49 3 7 6 9  0 . 0 10000 0 . 60 
2 . 3 0 4949 2 . 7 6 5 9 40 0 . 6 9 1 4 8 5  0 . 020000 0 . 60 
1 . 400589 1 . 680705 0 . 42 0 1 7 6  0 . 0 3 0000 0 . 60 
1 .  3 6482 5 1 . 63 7 7 9 1  0 . 409 448 0 . 0 40000 0 . 60 
1 . 5 62 9 9 3  1 . 8 7 55 9 1  0 . 46 8 8 9 8  0 . 0 5 0000 0 . 60 
1 . 6 9 02 9 6  2 . 02 83 5 6  0 . 5 0 7 0 8 9  0 . 0 60000 0 . 60 
1 . 7 3 4444 2 . 08 1 3 3 2  0 . 5 2 03 3 3  0 . 0 7 00 0 0  0 . 6 0 
1 . 7 3 6 6 9 7  2 . 08403 7 0 . 5 2 1 0 0 9  0 . 080000 0 . 60 
1 . 72 7 92 3  2 . 0 7 3 5 0 7  0 . 5 1 8 3 7 7  0 . 0 9 0000 0 . 60 
1 . 7 2 1 0 1 4  2 . 0 652 1 7  0 . 5 1 63 0 4  0 . 1 00000 0 . 60 
4 . 9 7 9 2 3 1 7 . 9 66 7 6 6  1 . 9 9 1 6 9 2  0 . 0 1 0000 0 . 80 
2 . 3 04949 3 . 687920 0 . 92 1 9 80 0 . 0 2 0000 0 . 80 
1 . 400 5 8 9  2 . 2 40941 0 . 5 6 02 3 5 0 . 0 3 0000 0 . 80 
1 . 3 64 8 2 5  2 . 183 72 1  0 . 5 45 9 3 0 0 . 0 40 0 0 0  0 . 80 
1 . 5 62 9 9 3  2 . 500787 0 . 62 5 1 9 7  0 . 0 5 0 0 0 0  0 . 80 
1 . 6 9 02 9 6  2 . 704473 . 0 .  6 7 6 1 1 9  0 . 0 60000 0 . 80 
1 . 7 3 4444 2 . 7 7 5 108 0 . 6 9 3 7 7 7  0 . 0 7 00 0 0  0 . 80 
1 . 7 3 6 6 9 7  2 . 7 7 8 7 1 6  0 . 6 9 4 6 7 9  0 . 0 8 0000 0 . 80 
1 . 72 7 9 2 3  2 . 7 64675 0 . 69 1 1 6 9  0 . 0 9 0 00 0  0 . 80 
1 . 72 1 0 1 4  2 . 7 5 3 62 3  0 . 68 8406 0 . 1 00 000 0 . 80 
4 . 9 7 9 2 3 1 9 . 9 5 8462 2 . 489 6 1 5  0 . 0 1 0000 1 . 00 
2 . 3 04949 4 . 609 898 1 . 1 5 2 47 4  0 . 02 0 0 0 0  1 . 0 0 
1 . 400 5 8 9  2 . 8 0 1 1 7 7  0 . 7 0 02 9 4  0 . 0 3 0 0 0 0  1 . 0 0 
1 . 3 6482 5 2 . 7 2 9 6 5 1 0 . 682 4 1 3  0 . 040000 1 . 0 0 
1 . 5 62 9 9 3 3 . 1 2 5 9 8 6  0 . 7 8 1 49 7  0 . 0 5 00 0 0  1 . 0 0 
1 . 6 9 02 9 6  3 . 3 80593 0 . 845 1 49 0 . 0 6 0000 1 . 0 0 
1 . 7 3 4444 3 . 46888 7 0 . 8 6 7 2 2 2  0 . 0 7 0000 1 . 0 0 
1 . 7 3 6 6 9 7  3 . 47 3 3 9 6  0 . 8 6 83 49 0 . 0 8 0 00 0  1 . 0 0 
1 . 72 7 9 2 3  3 . 455846 0 . 8 6 3 9 62 0 . 0 9 0 0 0 0  1 . 00 













U N S T E AD Y  F L O W  
S A:l•O 
0 · 6  
0 . 4  
------------=0:..:·.!:2_ W=1 0 
00�.-0-0 ___ 01- 0_2 ____ o'.-o-�----o·. o-6 ____ o�.-0-8 ______ 0 . 1 0 H - F T  
Figure F . 1 .  DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 30 ) .  
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Tab l e  F . 2  
AM=0 . 002 0 9 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2 /SEC ( LUBR I CAT ING O I L  SAE 1 0 ) 
W=1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF ____ ! __ LBF - SEC/FT_ ! ____ FT FT2 - -
1 . 2 5 2 7 9 0  0 . 5 0 1 1 1 7  0 . 1 2 5 2 7 9 0 . 0 1 0000 0 . 2 0 
0 . 6 1 7 6 5 3  0 . 2 47 0 6 1 0 . 0 6 1 7 6 5  0 . 02 0000 0 . 2 0 
0 . 3 90 5 5 7  0 . 1 5 62 2 3  0 . 0 3 9 0 5 6  0 . 0 3 0000 0 . 2 0 
0 . 2 68 6 7 8  0 . 1 0 7 4 7 1 0 . 0 2 6 8 6 8  0 . 0 40000 t 0 . 2 0 
0 . 2 12 9 8 4  0 . 0 8 5 1 9 3  0 . 02 12 9 8  0 . 05 0000 0 . 2 0 
0 . 2 0 8 7 0 7  0 . 0 8 3 483 0 . 0 2 0 8 7 1  0 . 060000 0 . 2 0 
0 . 22 6 5 09 0 . 0 9 0 60 4  0 . 02 2 6 5 1 0 . 0 7 0000 0 . 2 0 
0 . 2 45 9 2 4  0 . 0 9 8 3 7 0  0 . 0 2 4 5 9 2  0 . 080000 0 . 2 0 
0 . 2 6 0088 0 . 1 0403 5 0 . 0 2 6 0 0 9  0 . 090000 0 . 2 0 
0 . 2 68 3 3 3  0 . 1 07 3 3 3  0 . 0 2 6 8 3 3  0 . 100000 0 . 2 0 
1 . 2 5 2 7 9 0  1 . 002 2 3 3  ! . 0 . 2 5 0 5 5 8  0 . 0 1 0000 0 . 40 
0 . 6 1 7 65 3  0 . 494 1 2 2  0 . 1 2 3 5 3 0  0 . 02 0000 0 . 40 
0 . 3 9 0 5 5 7 0 . 3 12 445 0 . 0 7 8 1 1 1  0 . 03 0000 0 . 40 
0 . 2 68 6 7 8  0 . 2 1 4942 0 . 0 5 3. 7 3 5  0 . 040000 t 0 . 40 
0 . 2 12 9 8 4  0 . 1 703 8 7  0 . 042 5 9 7  0 . 05 0000 0 . 40 
0 . 2 08 7 0 7  0 . 1 6 6 9 6 6  0 . 0 4 1 7 4 1  0 . 0 60000 0 . 40 
0 . 2 2 6 5 09 0 . 1 8 1 2 0 7  0 . 0 4 5 3 02 0 . 0 7 0000 0 . 40 
0 . 2 4592 4 0 . 1 9 6 7 3 9  0 . 049 1 85 0 . 080000 0 . 40 
0 . 2 60088 0 . 2 08 0 7 0  0 . 0 5 2 0 1 8  0 . 09 0000 0 . 40 
0 . 2 683 3 3  0 . 2 1 4 6 6 7  0 . 0 5 3 6 6 7  0 . 1 00000 0 . 40 
1 . 2 52 7 9 0  1 . 5 03 3 49 0 . 3 7 5 8 3 7 0 . 0 1 0000 0 . 6 0 
0 . 6 1 7 6 5 3  0 .  7 4 1 1 8 3 " 0 . 1 8 5 2 9 6  0 . 02 0 000 0 . 60 
0 . 3 9 0 5 5 7  0 . 4 6 8 6 6 8 0 . 1 1 7 1 6 7 0 . 03 0000 0 . 60 
0 . 2 6 8 6 7 8  0 . 3 2 2 4 1 3  0 . 0 8 0 6 0 3  0 . 0 40000 0 . 6 0 
0 . 2 1 2 9 8 4  0 . 2 5 5 5 8 0  0 . 0 6 3 8 9 5  0 . 0 5 0000 0 . 60 
0 . 208707 0 . 2 5 0 448 0 . 0 6 2 6 1 2 0 . 0 60000 0 . 60 
0 . 22 6509 0 . 2 7 1 8 1 1  0 . 0 6 7 9 5 3  0 . 0 7 0000 0 . 6 0 
0 . 2 45 9 2 4  0 . 2 9 5 109 0 . 0 7 3 7 7 7  0 . 0 8 0 000 0 . 6 0 
0 . 2 60088 0 . 3 12 105 0 . 0 7 8 0 2 6 0 . 09 0000 0 . 60 
0 . 2 68 3 3 3  0 . 3 2 2 00 0  0 . 0 8 0 5 0 0  0 . 1 0 0000 0 . 60 
1 . 2 5 2 7 9 0  2 . 00 44 6 6  0 . 5 0 1 1 1 7 0 . 0 1 0000 . ! 0 . 80 
0 . 6 1 7 6 5 3  0 . 9 8 82 44 0 . 2 4 7 0 6 1  0 . 0 2 0 000 0 . 80 
0 . 3 9 0 5 5 7  0 . 62 489 0 0 . 1 5 6 2 2 3  0 . 0 3 0000 0 . 8 0 
0 . 2 68 6 7 8  0 . 42 9 8 8 4  0 . 1 0 7 4 7 1 0 . 0 4 0 0 0 0  0 . 8 0 
0 . 2 1 2 9 8 4  0 . 3 40 7 7 4  0 . 08 5 1 9 3  0 . 0 5 0 0 0 0  0 . 80 
0 . 2 08 7 0 7  0 . 3 3 3 9 3 1 0 . 0 8 3 4 83 0 . 0 60000 0 . 8 0 
0 . 22 6 5 09 0 . 3 6 2 4 1 4  0 . 09 0 6 0 4  0 . 0 7 0000 0 . 80 
0 . 2 4 5 9 2 4  0 . 3 9 3 47 9  0 . 0 9 8 3 7 0  0 . 0 8 0 000 0 . 80 
Tab l e  F . 2  ( c ontinued ) 
! 0 . 2 60 0 8 8  ! 0 . 4 1 6 140 0 . 10403 5 0 . 090000 
0 . 2 68 3 3 3  0 . 42 9 3 3 3  0 . 1 0 7 3 3 3  0 . 1 00000 
1 . 2 5 2 7 9 0  2 . 5 0 5 5 8 3  0 . 62 63 9 6  0 . 0 1 0000 
0 . 6 1 7 6 5 3  1 . 2 3 53 05 0 . 3 0882 6 0 . 02 0000 
0 . 3 9 0 5 5 7  0 . 7 8 1 1 13 0 . 1 9 5 2 7 8  0 . 0 3 0 000 
0 . 2 68 6 7 8  0 . 5 3 73 55 0 . 1 3 43 3 9  0 . 040000 
0 . 2 12 98 4  0 . 42 5 9 67 0 . 1 0 6 49 2  0 . 0 5 0000 
0 . 2 0 8 7 0 7  0 . 417415 0 . 1043 5 4  0 . 0 6 0 0 00 
0 . 2 2 6 5 0 9  0 . 45 3 0 18 0 . 1 1 3 2 5 5  0 . 0 70000 
0 .  2 45 9 2 4  0 . 49 1 848 0 . 1 2 2 9 62 0 . 080000 
0 . 2 60 0 8 8  0 . 5 2 0 1 7 6  O o 1 3 00 44 0 . 0 9 0000 
0 . 2 683 3 3  0 . 5 3 6 6 6 7  0 . 1 3 4 1 6 7  0 . 1 0 0 000 
AM=0 . 00 2 0 9 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2 /SEC ( LUBR I CAT ING O I L  SAE 1 0 ) 
W=5 0 . 00 0  RAD/SEC 
A= 4 . 000 FT/SEC 
T F ! c H 
! LBF/FT2 ! - - LBF __ ! _LBF- SEC/FT_ ! __ FT 
1 . 2 2 5 3 5 2  0 . 490 141 0 . 12 2 5 3 5  0 . 0 1 0000 
0 . 52463 6 0 . 2 09854 0 . 05 2 46 4  0 . 02 0000 
0 . 493 1 9 4  0 . 1 9 7 2 7 7  0 . 0493 1 9 · 0 . 0 3 0000 
0 . 580 1 7 4  0 . 2 3 2 0 69 0 . 0 5 8 0 1 7  0 . 0 40000 
0 . 60903 6 0 . 2 43 6 1 4  0 . 060904 0 . 0 5 0 000 
· 0 . 608 5 5 6 0 . 2 43 42 2  0 . 0608 5 6  Q . 0 60 0 00 
0 . 6045 7 3  0 . 2 4 1 82 9 0 . 06045 7 0 . 0 7 0000 
0 . 603 1 2 2  0 . 2 41 2 49 0 . 0603 1 2  0 . 080000 
0 . 603 09 7 0 . 2 4 1 2 3 9  0 . 0603 1 0  0 . 0 9 0000 
0 . 603 2 7 2  0 .  2 4 1 3 0 8- 0 . 0603 2 7  0 . 1 00000 
1 . 2 2 5 3 5 2  0 . 9 8 02 8 1  0 . 2 45 0 7 0  0 . 0 1 0000 
0 . 5 2 463 6 0 . 4 1 9 709 0 . 1049 2 7 0 . 02 0000 
0 . 49 3 1 9 4  0 . 3 9 4 5 5 5  0 . 09 8 6 3 9 0 . 0 3 0000 
0 . 5 8 0 1 7 4  0 . 4 6 4 1 3 9  0 . 1 1 603 5 0 . 040000 
0 . 60903 6 0 . 48 7 2 2 9  0 . 12 1 8 0 7  0 . 0 5 0 0 0 0  
0 . 60 8 5 5 6  0 . 48 6 845 0 . 12 1 7 1 1  0 . 0 60000 
0 . 6045 7 3 0 . 48 3 65 8  0 .  12 0 9 1 5  0 . 0 7 00 0 0  
0 . 603 1 2 2  0 . 482 49 7 0 . 12 0 62 4  0 . 0 80000 
0 . 603 097 0 . 482 478 0 . 12 0 6 1 9  0 . 0 9 0000 . 
0 . 603 2 7 2 0 . 482 6 1 7  0 . 12 0 6 5 4 0 . 1 00000 
1 . 2 2 5 3 52 1 . 47 0422 0 . 3 6 7 6 0 6  0 . 0 1 0000 
0 . 52 463 6 0 . 62 9 5 63 0 . 1 5 7 3 9 1  0 . 02 0000 
0 . 49 3 1 9 4  0 . 5 9 1 83 2  0 . 147 9 5 8  0 . 03 0000 
0 . 580 1 7 4 0 . 6 9 6208 0 . 1 7 40 5 2  0 . 040000 
0 . 60903 6 0 . 7 3 0843 0 . 182 7 1 1  0 . 0 5 0 0 00 
228 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
SA 
FT2 - -
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
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T ab l e  F . 2  ( c ont inued ) \ 
! 0 . 6085 5 6  ! 0 . 7 3 02 6 7 0 . 1 82 5 6 7 0 . 0 60000 0 . 60 
0 . 6 045 7 3  0 . 7 2 5 48 7  0 . 1 8 1 3 72 0 . 0 7 0000 0 . 60 
0 . 603 1 2 2  0 . 7 2 3 7 46 0 . 1 8 09 3 6 0 . 080000 0 . 60 
0 . 6 03 0 9 7  0 . 7 2 3 7 1 6  0 . 1 8 0 9 2 9  0 . 0 9 0 0 0 0  0 . 60 
0 . 6 0 3 2 72 0 . 72 3 92 6 0 . 1 8 09 8 1  0 . 1 00 0 0 0  0 . 6 0 
1 . 2 2 5 3 52 1 . 9 60563 0 . 49 0 1 4 1  0 . 0 1 00 00 0 . 80 
0 . 5 2 463 6 0 . 8 3 9 4 1 7  0 . 2 09 8 5 4  0 . 02 0000 0 . 80 
0 . 493 1 9 4  0 . 7 89 1 10 0 . 1 9 72 7 7  0 . 0 3 0000 0 . 80 
0 . 5 8 0 1 7 4  0 . 92 82 7 7  0 . 2 3 2 0 6 9  0 . 0 40000 0 . 80 
0 .. 60903 6 0 . 9 7 44 5 7  0 . 2 43 6 1 4  0 . 0 5 00 0 0  0 . 80 
0 . 6085 5 6  0 . 9 7 3 689 0 . 2 43 42 2  0 . 0 60000 0 . 80 
0 . 6045 7 3  0 . 9 6 7 3 1 7  0 . 2 4 1 82 9  0 . 0 7 0000 0 . 80 
0 . 603 1 2 2  0 . 9 6499 4  0 . 2 4 1 2 49 0 . 0 8 0 00 0  0 . 8 0 
0 . 603 0 9 7  0 . 9 64955 0 . 2 4 12 3 9  0 . 0 9 0 00 0  0 . 80 
0 . 6 03 2 7 2  0 . 9 6 5 2 3 4  0 . 2 4 1 3 09 0 . 1 00 0 0 0  0 . 80 
1 . 2 2 5 3 52 2 . 45 0 7 0 6  0 . 6 1 2 6 7 6  0 . 0 1 00 00 1 . 00 
0 . 5 2 463 6 1 . 0492 72 0 . 2 62 3 1 8  0 . 02 0000 1 . 00 
0 . 49 3 1 9 4  0 . 9 8 6 3 88 ! 0 . 2 46 5 9 7 0 . 0 3 0000 1 . 00 
0 . 5 8 0 1 7 4  1 . 1 60 3 47 0 . 2 9 00 8 7  0 . 040000 1 . 00 
0 . 60903 6 1 . 2 1 8070 0 . 3 0 45 1 8  0 . 0 5 0000 1 . 00 
0 . 6085 5 6  1 . 2 1 7 1 12 0 . 3 0 42 7 8  0 . 0 60000 1 . 00 
0 . 6045 73 1 . 2 09 1 4 6  0 . 3 0 2 2 8 7  0 . 0 7 0 000 1 . 00 
0 . 603 1 2 2  1 . 2 0 62 43 0 . 3 0 1 5 6 1  0 . 080000 1 . 00 
0 . 603 0 9 7  1 . 2 0 6 1 9 4  0 . 3 0 1 5 49 0 . 0 9 0 0 0 0  1 . 00 
0 . 6 03 2 72 1 . 2 0 6543 0 . 3 0 1 63 6  .Q . 1 00 000 1 . 00 
AM=0 . 002 090 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2 /SEC ( LUBRI CAT I NG O I L  SAE 1 0 ) 
W=9 0 . 00 0  RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 - -
1 . 1 7 1 6 7 1  0 . 468668 0 . 1 1 7 1 67 0 . 0 1 '0000 0 . 2 0 
0 . 62 6 12 4  0 . 2 5 0449 0 . 062 6 1 2  0 . 02 0 0 0 0  0 . 2 0 
0 . 7 80 2 67 0 . 3 12 1 07 0 . 0 7 8 02 7 0 . 0 3 0 0 0 0  0 . 2 0 
0 . 8 1 8888 0 . 3 2 7 5 5 5  0 . 08 1 8 8 9  0 . 040000 0 . 2 0 ' 
0 . 8 12 3 72 0 . 3 2 49 49 0 . 08 1 2 3 7  0 . 0 5 0 0 0 0  0 . 2 0 
0 . 809 1 5 8  0 . 3 2 3 6 6 3 0 . 0809 1 6  ! '  0 . 0 6 0 0 0 0  0 . 2 0 
0 . 8092 43 0 . 3 2 3 6 9 7  0 . 08092 4 0 . 0 7 0 0 0 0  0 . 2 0 
0 . 809467 0 . 3 2 3 7 8 7  0 . 080947 0 . 0 8 0 0 00 0 . 2 0 
0 . 80949 1 0 . 3 2 3 7 9 7  0 . 080949 0 . 0 9 0 0 00 0 . 2 0 
0 . 809473 0 . 3 2 3 789 0 . 080947 0 . 1 0 0 0 00 0 . 2 0 
1 . 1 7 1 6 7 1  0 . 9 3 7 3 3 8  0 . 2 3 43 3 4 0 . 0 1 0 0 0 0  0 . 40 
0 . 62 6 1 2 4  0 . 5 0 0 8 9 9  0 . 12 5 2 2 5 0 . 02 0 0 0 0  0 . 40 
230 
T ab l e  F . 2  ( c ont i nued ) 
0 . 7 8 02 6 7  ! 0 . 6 2 42 1 3  0 . 1 5 60 5 3  0 . 0 3 0 00 0  0 . 40 
0 . 8 1 88 8 8  0 . 6 5 5 1 10 0 . 1 63 7 7 8  0 . 0 40 000 0 . 40 
0 . 8 1 2 3 72 0 . 6 49 8 9 8  0 . 1 62 47 4  0 . 05 0000 0 . 40 
0 . 8 0 9 1 5 8  0 . 6473 2 6  0 . 1 6 1 8 3 2  0 . 0 60000 0 . 40 
0 . 8092 43 0 . 6 47 3 9 4  0 . 1 6 1 8 49 0 . 0 7 00 0 0  0 . 40 
0 . 8 0 9 4 6 7  0 . 6475 7 4  0 . 1 6 1 8 9 3  0 . 080000 0 . 40 
0 . 8 0 9 49 1 0 . 647 5 9 3  0 . 1 6 1 89 8  0 . 0 9 0000 0 . 40 
0 . 809473 0 . 6 47 5 7 8  0 . 1 6 18 9 5  0 . 1 0 0 00 0  0 . 40 
1 . 1 7 1 67 1  1 . 406006 0 . 3 5 1 5 0 2  0 . 0 1 0000 0 . 60 
0 . 62 6 12 4  0 . 7 5 1 3 48 0 . 1 8 7 8 3 7 0 . 0 2 0000 0 . 60 t 
0 . 7802 6 7  0 . 9 3 63 2 0  0 . 2 3 40 8 0  0 . 0 3 0000 0 . 60 
0 . 8 1 8888 0 . 9 82 6 6 5  0 . 2 45 6 6 6  0 . 0 40000 0 . 60 
0 . 8 12 3 72 0 . 9 7 48 4 6  0 . 2 43 7 12 0 . 0 5 0000 0 . 60 
0 . 8 0 9 1 5 8  0 . 9 7 0 9 9 0  0 .  2 42 7 47 0 . 0 6 0 0 0 0  0 . 60 
0 . 8 0 9 2 43 0 . 9 7 1 09 2  0 . 2 42 7 7 3  0 . 0 7 0000 0 . 60 
0 . 8 0 9 46 7  0 . 9 7 l3 60 0 . 2 42 8 40 0 . 080000 0 . 60 
0 . 8 0 9 49 1  0 . 9 7 1 3 9 0  0 . 2 42 84 7  0 . 0 9 0 00 0  0 . 6 0 
0 . 8 0 9 47 3  0 . 9 7 1 3 6 7  0 . 2 42 8 42 0 . 1 00 0 00 0 . 60 
1 . 1 7 1 6 7 1  1 . 87467 5 0 . 4 6 8 6 6 9  0 . 0 1 00 0 0  0 . 80 
0 . 62 6 1 2 4  1 . 0 0 1 7 9 8  0 . 2 5 0450 0 . 02 0000 0 . 80 
a . . 7 8 02 67 1 .  2 48 42 6 0 . 3 12 1 0 7  0 . 03 0000 0 . 80 
0 . 8 1 8888 1 . 3 1 022 0  0 . 3 2 7 5 5 5  0 . 040000 0 . 80 
0 . 8 1 2 3 72 1 . 2 9 9 7 9 5  0 .  3 2 49 49 0 . 0 5 0000 0 . 80 
0 . 809 1 5 8  1 . 2 9 465 3 0 . 3 2 3 6 63 0 . 0 60000 0 . 80 
0 . 8 0 9 2 43 1 . 2 9 4 7 8 8  0 . 3 2 3 6 9 7  0 . 0 7 0000 0 . 80 
0 . 8 0 9 467 1 . 2 9 5 147 0 . 3 2 3 7 8 7  0 . 080000 0 . 8 0 
0 . 8 0 9 49 1 1 . 2 9 5 185 0 . 3 2 3 7 9 6  0 . 0 90000 0 . 80 
0 . 809473 1 . 2 9 5 1 5 6  0 . 3 2 3 7 8 9  0 . 1 00000 0 . 80 
1 . 1 7 1 6 7 1  2 . 3 43 3 43 0 . 5 85 8 3 6 0 . 0 1 0000 t 1 . 00 
0 . 62 6 1 2 4  1 . 2 5 2 2 47 0 . 3 1 3 0 6 2  0 . 0 2 0000 1 . 00 
0 . 7 80 2 6 7  1 . 5 60 5 3 3  0 . 3 9 0 1 3 3  0 . 0 3 0000 1 . 00 
0 . 8 1 8 8 8 8  i . 63 7 7 7 4  0 . 409 444 0 . 040000 1 . 00 
0 . 8 1 2 3 7 2 1 . 624743 0 . 406 1 8 6  0 . 0 5 0000 1 . 0 0 
0 . 809 1 5 8  1 . 6 1 83 1 6  0 . 4045 7 9  0 . 0 60000 1 . 0 0 
0 . 809 2 43 J 1 . 6 1 8 48 5 0 . 40462 1 0 . 0 7 0000 1 . 0 0 
0 . 809467 1 . 6 1 893 4 0 . 4047 3 3  0 . 0 80000 1 . 00 
0 . 80949 1 1 . 6 18 9 8 1 0 . 404 7 45 0 . 0 9 00 0 0  1 . 00 
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Figure F . 2 .  DAMPER COEFFICIENT VS FLUID HEIGHT ( OIL SAE 10 ) .  
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T ab l e  F . 3  
AM=0 . 00002 0 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0000 1 3 0  FT2/SEC ( WATER ) 
W=1 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T 
! LBF/FT2 ! 
- -
0 . 03 5 3 6 6  
0 . 03 5 083 
0 . 03 5082 
0 . 0 3 5 082 
0 . 0 3 5 082 
0 . 0 3 5 082 
0 . 0 3 5 082 
0 . 00000 1 
0 . 000000 
F c H 
LBF ! LBF - SEC/FT ! FT 
-- - - --
0 . 0 14 1 4 6  0 . 0 03 5 3 7  0 . 0 1 0000 
0 . 0 1403 3  0 . 003 5 0 8  0 . 02 0000 
0 . 0 1 4033 0 . 003 5 0 8  0 . 03 0000 
0 . 0 1 4033 0 . 003 5 0 8  0 . 040000 
0 . 0 1 403 3 0 . 003 5 08 0 . 0 50000 
0 . 0 1 40 3 3  0 . 003 5 0 8  0 . 0 60000 
0 . 0 1 403 3 0 . 003 5 0 8  0 . 0 7 0000 
0 . 000000 0 . 000000 0 . 08 0000 
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BOTH ENDS OF THE DAMPER 
ARE EXCITED BY IN PHASE 
PERIODIC MOTIONS WITH DIFFERENT VELOCITIES 
TABLES & PLOTS 
T ab l e  G . 1 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0058000 FT2/SEC ( LUBRI CAT I NG O I L  SAE 3 0 ) 
W= 1 0 . 00 0  RAD/SEC 
A= 4 . 000 FT/SEC 
T F C H SA 
2 3 5  
! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _ FT2_ 
1 . 6 9 02 8 5  
0 . 9 842 1 9 
0 . 9 5 3 9 0 9  
1 G 0 92 3 60 
1 . 2 5 2 1 7 8  
1 . 3 7 8 3 4 6  
1 . 45 3 6 52 
1 . 483 2 1 6  
1 . 482 3 5 8  
1 . 4663 72 
1 . 6 9 02 8 5  
0 . 9 842 1 9  
0 . 9 5 3 9 0 9  
1 . 092 3 60 
1 . 2 5 2 1 7 8  
1 . 3 78 3 4 6  
1 . 45 3 652 
1 . 483 2 1 6 
1 . 482 3 5 8  
1 . 4663 7 2  
1 . 6902 8 5  
0 . 9 842 1 9  
0 . 9 5 3 909 
1 . 092 3 6 0 
1 . 2 5 2 1 7 8  
1 . 3 7 8 3 4 6  
1 . 453 6 5 2  
1 . 48 3 2 1 6  
1 . 482 3 5 8 
1 . 4 6 6 3 72 
1 . 6902 8 5  
0 . 9 8 42 1 9  
0 . 9 5 3 9 0 9  
1 . 09 2 3 6 0 
1 . 2 5 2 1 7 8  
1 . 3 7 8 3 4 6  
1 . 45 3 6 5 2  
1 . 48 3 2 1 6  
0 . 6 7 6 1 1 4 
0 . 3 93 68 7  
0 . 3 8 1 564 
0 . 43 6 9 44 
0 . 50087 1 
0 . 55 1 3 3 8  
0 . 5 8 1 46 1  
0 . 5 9 3 2 8 7  
0 . 592 9 43 
0 . 5 8 6 5 49 
1 . 3 52 2 2 7  
0 . 7873 7 5  
0 . 7 63 1 2 7  
0 . 873 888 
1 . 00 1 7 42 
1 . 1 02 6 7 7  
1 . 1 62922 
1 . 1 8 6 5 72 
1 . 185885 
1 . 1 7 3 09 9  
2 . 0283 4 1  
1 . 1 8 1 0 63 
1 . 1 4469 1 
1 . 3 1 083 1 
1 . 502 6 1 4  
1 . 6 5 40 1 6  
1 . 7 443 83 
1 . 7 7 9 8 5 9  
1 . 7 7 882 9 
1 . 7 5 9 648 
2 . 704454 
1 . 574750 
1 . 5 2 6 2 5 4  
1 . 747 7 7 5  
2 . 003 485 
2 . 2 05 3 5 4  
2 . 3 2 5842 
2 . 3 7 3 145 
0 . 1 69 02 8  
0 . 0 9 8 42 2  
0 . 0 9 5 3 9 1  
0 . 1 09 2 3 6  
0 . 1252 1 8  
0 . 1 3 7 8 3 5 
0 . 1 453 6 5  
0 . 1 48 3 2 2  
0 . 1 482 3 6  
0 . 1 4 6 63 7 
0 . 3 3 80 5 7 
0 . 1 9 6 8 44 
0 . 1 9 0 7 82 
0 . 2 1 8472 
0 . 2 5043 6 
0 . 2 75 6 6 9  
0 . 2 9 0 7 3 0  
0 . 2 9 6 643 
0 . 2 9 64 7 1 
0 . 2 9 3 2 7 5  
0 . 5 0 7 0 8 5  
0 . 2 9 5 2 6 6  
0 . 2 8 6 1 7 3  
0 . 3 2 7 7 0 8  
0 . 3 7 5 6 5 4  
0 . 4 1 3 5 0 4 
0 . 43 6 0 9 6 
0 . 4449 6 5  
0 . 444 7 0 7  
0 . 43 9 9 12 
0 . 6 7 6 1 1 4  
0 . 3 9 3 6 8 8  
0 � 3 8 1 5 64 
0 . 43 6 9 44 
0 . 5 00 8 7 1 
0 . 5 5 1 3 3 9  
0 . 5 8 1 46 1  
0 . 5 9 3 2 8 6  
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 05 0 000 
0 . 0 60000 
0 . 0 7 0000 
0 . 080000 
0 . 090000 
0 . 1 00000 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 05 0000 
0 . 0 60000 
0 .  070000. 
0 . 080000 
0 . 0 90000 
0 . 1 00000 
0 . 0 1 0000 
0 . 020000 
0 . 03 0000 
0 . 040000 
0 . 05 0000 
0 . 0 6 0 000 
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0000 
0 . 1 00000 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 0 000 
0 . 0 6 0 000 
0 . 0 7 0 000 
0 . 080000 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 8 0 
0 . 80 
0 . 80 
0 . 80 
0 . 80 
0 . 8 0 
0 . 80 
0 . 8 0 
Tab l e  G . 1 ( c ont inued ) 
1 . 482 3 5 8  ! 2 . 3 7 1 7 72 0 . 5 9 2 9 43 0 . 09 0000 
1 . 4 6 6 3 7 2  2 . 3 46 1 9 7  0 . 5 8 6 5 49 0 . 1 00000 
1 . 6902 8 5  3 . 3 80570 0 . 845 1 43 0 . 0 1 0 000 
0 . 9842 1 9  1 . 9 6 843 8 0 . 492 1 10 0 . 02 0 000 
0 . 9 5 3 9 09 1 . 907818 0 . 47 6 9 5 5  0 . 03 0000 
1 . 092 3 6 0  2 . 1847 2 1 0 . 5 4 6 1 8 0  0 . 040000 
1 . 2 52 1 7 8  2 . 5043 5 7  0 . 62 6 0 8 9  0 . 0 50000 
1 . 3 7 8 3 4 6  2 . 75 6 69 4  0 . 6 8 9 1 7 4  0 . 0 60000 
1 . 453 6 5 2  2 . 9 0 7 3 0 6  0 . 7 2 6 8 2 6 0 . 0 7 0000 
1 . 48 3 2 1 6  2 . 9 6 643 3 0 . 7 4 1 6 0 8  0 . 080000 
1 . 482 3 5 8 2 . 9 6 47 1 6 0 . 7 4 1 1 7 9  0 . 0 90000 
1 . 4 6 6 3 7 2  2 . 9 3 2 7 49 0 . 7 3 3 1 8 7  0 . 1 00000 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 5 8000 FT2/SEC ( LUBR I CAT I NG O I L  SAE 3 0 ) 
W=5 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H 
! LBF/FT2 ! 
- - LBF __ ! _LBF- SEC/FT_ ! __ FT 
2 . 1 1 6 9 1 4  0 . 8467 6 6  0 . 2 1 1 6 9 1 0 . 0 1 0000 
2 . 6 1 5 50 8  1 . 0462 03 0 . 2 6 1 5 51 0 . 02 0 000 
3 . 2 1 3 08 3  1 . 2 8 5 2 3 3  0 . 3 2 1 3 08 ! 0 . 03 0 000 
3 . 3 1 5 9 2 6 1 . 3 2 63 6 9 0 . 3 3 1 5 9 2  0 . 040000 
3 . 2 2 49 3 7 1 . 2 8 9 9 7 4  0 .  3 2 2 49 4  0 . 0 5 0000 
. 3 . 1 43 5 2 2  1 . 2 5 7 40 8  0 . 3 1 43 5 2  0 . 0 60000 
3 . 1 0 42 9 4  1 . 2 4 1 7 1 6  0 . 3 1 042 9 0 . 0 7 0000 
3 . 092 7 1 4 1 . 2 3 7 08 4  0 . 3 0 9 2 7 1  0 . 080000 
3 . 09 3 3 08 1 . 2 3 7 3 2 3  0 . 3 0 9 3 3 1  0 . 09 0000 
3 . 0 9 692 6 1 . 2 3 8 7 6 9  0 . 3 09 6 9 2  0 .  ·1 0 0000 
2 . 1 1 69 1 4  1 . 69 3 5 3 1  0 . 42 3 3 8 3 0 . 0 1 0000 
2 . 6 1 5 5 0 8  2 . 09240 6  0 . 5 2 3 1 02 0 . 02 0000 
3 . 2 1 3 08 3  2 . 5 7 0464 0 . 6 42 6 1 6  0 . 03 0000 
3 . 3 1 5 9 2 6 2 . 652 7 40 0 . 6 6 3 1 8 5  0 . 040000 
3 . 2 2 49 3 7 2 . 5 7 9 9 49 0 . 6449 8 7  0 . 05 0000 
3 . 1 43 5 2 2  2 . 5 1 48 1 7  0 . 6 2 8 7 0 4  0 . 06 0000 
3 . 1 0 42 9 4  2 . 483 43 5 0 . 62 08 5 9  0 . 07 0000 
3 . 092 7 1 4 2 . 4741 7 1  0 . 6 1 8 5 43 0 . 080000 
3 . 093 3 08 2 . 474647 0 . 6 1 8 6 62 0 . 090000 
3 . 09 692 6 2 . 47 7 5 40 0 . 6 19 3 8 5  0 . 1 00000 
2 . 1 1 6 9 1 4 2 . 5 402 96 0 . 63 5 0 7 4  0 . 0 1 0000 
2 . 6 1 5 5 0 8  3 . 1 3 8 6 09 0 . 7 8 4 6 5 2  0 . 02 0 000 
3 . 2 1 3 0 83 3 . 8 5 5 698 0 . 9 63 9 2 5  0 . 03 0000 
3 . 3 1 5 9 2 6 3 . 97 9 1 1 1  0 . 9 9 47 7 8  0 . 040000 
3 . 2 2 49 3 7  3 . 8 6 992 4 0 . 9 6 7 48 1 0 . 0 5 0 0 00 
236 
0 . 80 
0 . 80 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
SA 
FT2 - -
0 . 2 0 
0 . 2 0 
0 .  2 0  
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 .  2 0  
0 . 2 0 
0 . 2 0 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
237 
Tab l e  G . l { c ontinued ) 
! 3 . 1 4 3 5 2 2  ! 3 . 77222 6 0 . 9 43 0 5 7  0 . 0 6 0000 0 . 60 
3 . 1 0 42 9 4  3 . 7 2 5 150 0 . 9 3 1 2 8 8  0 . 0 7 0000 0 . 6 0 
3 . 0 9 2 7 1 4 3 . 7 1 12 5 7  0 . 9 2 7 8 1 4  0 . 0 8 0000 0 . 60 
3 . 0 9 3 3 0 8  3 . 7 1 1 9 6 9  0 . 9 2 7 9 9 2  0 . 0 90000 0 . 60 
3 . 09 69 2 6 3 . 7 1 63 1 1  0 . 9 2 9 0 7 8  0 . 1 00000 0 . 60 
2 . 1 1 6 9 1 4  3 . 3 87060 0 . 8 46 7 65 0 . 0 1 0000 0 . 80 
2 . 6 1 5 50 8  4 . 1848 1 1  1 . 0462 0 3  0 . 02 0000 0 . 80 
3 . 2 1 3 08 3  5 . 1409 3 0  1 . 2 85 2 3 3  0 . 03 0000 0 . 80 ' 
3 . 3 1 592 6 5 . 305477 1 . 3 2 6 3 6 9 0 . 040000 0 . 80 
3 . 2 2 493 7 5 . 1 5 9 89 3  1 . 2 89 9 7 3  0 . 05 0000 0 . 80 
3 . 143 5 2 2  5 . 02 9 63 3  1 . 2 5 7 40 8  0 . 0 60000 0 . 80 
3 . 1 0 42 9 4  4 . 9 6 6 8 6 6  1 . 2 4 1 7 1 6  0 . 0 70000 0 . 80 
3 . 09 2 7 1 4 4 . 9 48 3 4 1  1 . 2 3 7 08 5  0 . 080000 o . so· 
3 . 09 3 3 0 8  4 . 9 49 2 8 7  1 .  2 3 7 3 2 2  . 0 . 090000 0 . 8 0 . 
3 . 09 692 6 4 . 9 5 5 0 7 8  1 . 2 3 8 7 7 0  0 . 1 00000 0 . 80 
2 o 1 1 6 9 1 4  4 . 2 3 3 82 6  1 . 0 5 8 45 6  0 . 0 1 0000 1 . 00 
2 . 6 1 5 5 08 5 . 2 3 1 0 1 4 . 1 . 3 0 7 7 5 4  0 . 020000 1 . 00 
3 . 2 1 3 083 6 . 42 6 163 1 . 6 0 6 5 4 1  0 . 03 0000 1 . 00 
3 . 3 1 5 9 2 6  6 . 63 1847 1 . 65 7 9 62 0 . 040000 1 . 00 
3 . 2 2 49 3 7  6 . 44987 1 1 . 6 12 46 8  0 . 050000 1 . 00 
3 . 1 43 5 2 2  6 � 2 8 7041 1 . 5 7 1 7 60 0 . 0 6 0000 1 . 00 
3 . 1 042 94 6 . 2 08580 1 . 5 5 2 1 45 0 . 0 7 0000 1 . 00 
3 . 0 9 2 7 1 4  6 . 1 85 42 5  1 . 5 46 3 5 6  . ! 0 . 080000 1 . 00 
3 . 09 3 3 08 6 . 1 8 6 6 1 1  1 . 5 4 6 6 5 3  0 . 090000 1 . 0 0 
3 . 09 69 2 6 6 . 193 848 1 . 5 48462 0 . 1 00 0 00 1 . 00 
AM=0 . 0083 5 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 00 5 8 000 FT2/SEC ( LUBR I CAT I NG O I L  SAE 3 0 ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 - -
2 . 86 1 72 9  ! . 1 . 14469 1 0 . 2 8 6 1 7 3 0 . 0 1 0000 0 . 2 0 
4 . 13 5 040 1 . 6540 1 6  0 . 41 3 5 0 4  0 . 0 2 0 000 0 . 2 0 
4 . 447 0 7 3  1 . 7 7 8829 0 . 4447 0 7  0 . 03 0 00 0  ' 0 . 2 0 
4 . 2 8 0065 1 . 7 1 2 02 5  0 . 42 80 0 6  0 . 0 40000 0 . 2 0 
4 . 1 7 5 2 7 8  1 . 670 1 1 0  0 . 4 1 7 5 2 8  0 . 05 0000 0 . 2 0 
4 . 149 1 0 1  1 . 659 640 0 . 4 1 49 1 0  0 . 0 60000 0 . 2 0 
4 . 1 5 1 9 3 6 1 . 6 60 7 7 3  0 . 415 1 9 3  0 . 0 7 0000 0 . 2 0 
4 . 1 5 7 9 62 1 . 663 18 4 0 . 415 7 9 6  0 . 080000 0 . 2 0 
4 . 1 60 6 8 6  1 . 6642 73 0 . 4 1 6 0 6 8  0 . 090000 0 . 2 0 
4 . 1 6 1083 1 . 6 6443 3 0 . 41 6 1 08 0 . 1 0 0000 0 . 2 0 
2 . 8 6 1 7 2 9  2 . 2 8 9 3 82 0 . 5 7 2 3 46 0 . 0 1 0000 0 . 40 
4 . 1 3 5 040 3 . 3 08032 0 . 82 7 0 0 8  0 . 02 0000 0 . 40 
238 
Tab l e  G . 1 ( c onti nued ) 
4 . 4470 7 3  3 . 5 5 7 65 8  0 . 8 8 9 4 1 5  0 . 03 0000 0 . 40 
4 . 2 80 0 6 5  3 . 42 405 1 0 . 8 5 60 1 3  0 . 0 40000 0 . 40 
4 . 1 7 5 2 7 8  3 . 3 402 2 1  0 . 83 5 0 5 5  0 . 0 5 0000 0 . 40 
4 . 1 49 1 0 1  3 . 3 1 9282 0 . 82 9 82 0 0 . 0 6 0000 0 . 40 
4 . 1 5 1 9 3 6 3 . 3 2 1547 0 . 83 03 8 7  0 . 0 70 000 0 . 40 
4 . 1 5 7 9 62 3 . 3 2 6 3 69 0 . 83 1 5 9 2  0 . 0 80 000 0 . 40 
4 . 1 60 6 8 6  3 . 3 2 8 5 47 0 . 83 2 13 7  0 . 090000 0 . 40 
4 . 1 6 1 0 8 3  3 . 3 2 8 8 64 0 . 83 2 2 1 6  0 . 1 00000 0 . 40 
2 . 8 6 1 7 2 9  3 . 4340 73 0 . 8 5 8 5 1 8  0 . 0 1 0000 0 . 60 
4 . 1 3 5 040 4 . 96 2048 1 . 2 40 5 1 2  0 . 02 0000 0 . 60 
4 . 447 0 7 3  5 . 3 3 6487 1 .  3 3 4 1 2 2  0 . 03 0000 0 . 60 
4 . 2 80 0 6 5  5 . 1 3 6074 1 . 2 8 40 1 9  0 . 040000 0 . 60 
4 . . 1 7 5 2 7 8  5 . 0 1 03 2 6  1 . 2 5 2 5 82 0 . 0 5 0000 0 . 60 
4 . 1 49 1 0 1  4 . 9 7892 0 1 . 2 4473 0 0 . 0 60000 0 . 6 0 
4 . 1 5 1 9 3 6 4 . 9 82 3 1 9 1 . 2 4 5 5 8 0  0 . 0 70000 0 . 6 0 
4 . 1 5 7 9 62 4 . 9 89 5 5 2  1 . 2 4 7 3 8 8  0 . 0 8 0 0 00 0 . 6 0 
4 . 1 60 6 8 6  4 . 9 9 2 82 1 1 . 2 48 2 0 5  0 . 0 9 0 0 0 0  0 . 6 0 
4 . 1 6 1083 4 . 9 9 3 2 9 4  1 . 2 48 3 2 3 0 . 1 00 0 0 0  0 . 60 
2 . 8 6 1 72 9  4 . 5 7 8 7 62 1 . 1 44 6 9 1 0 . 0 1 0000 0 . 80 
4 . 1 3 5 040 6 . 6 1 6058 1 . 6 5 40 1 5  0 . 02 0000 0 . 80 
4 . 447 0 7 3  7 . 1 15 3 1 1  1 . 7 7 882 8 0 . 0 3 0000 0 . 80 
4 . 2 80 0 6 5  6 . 8 48095 1 . 7 12 02 4  0 . 0 40 000 0 . 80 
4 . 1 7 5 2 7 8  6 . 6 80 43 5  1 . 6 7 0 1 0 9  0 . 0 5 0 000 0 . 80 
4 . 1 49 1 0 1  6 . 6 3 8 5 5 7  1 . 6 5 9 63 9  0 . 0 60 000 0 . 80 
4 . 1 5 1 9 3 6 6 . 643089 1 . 6 60 7 72 0 . 0 7 00 00 0 . 80 
4 . 1 5 7 9 62 6 . 6 5 2 7 3 3  1 . 6 6 3 1 8 3  0 . 0 8 0000 0 . 80 
4 . 1 60 6 8 6  6 . 6 5 7 0 9 3  1 . 6 6 42 7 3 0 . 0 9 0000 0 . 80 
4 . 1 6 1 083 6 . 6 5 7 7 2 6  1 . 6 6443 2 0 . 1 0 00 0 0  0 . 80 
2 . 8 6 1 72 9  5 . 7 2 3 45 7  1 . 43 0 8 6 4  0 . 0 1 0000 1 . 00 
4 . 1 3 5 040 8 . 2 7007 7 2 . 0 6 7 5 1 9  0 . 02 0 000 1 . 00 
4 . 447 0 7 3  8 . 8 9 4 1 4 6  2 . 2 2 3 5 3 6 0 . 0 3 0 0 0 0  1 . 00 
4 . 2 80 0 6 5  8 . 5 60 12 7  2 . 1 4003 2 0 . 040000 1 . 00 
4 . 1 7 5 2 7 8  8 . 3 5 0552 2 . 08 7 6 3 8  0 . 0 5 0000 1 . 00 
4 . 1 49 1 0 1  8 . 2 9 82 0 6  2 . 0 7 455 2 0 . 0 60 0 0 0  1 . 00 
4 . 1 5 1 93 6 8 . 3 0 3 8 67 2 . 0 7 5 9 6 7  0 . 0 7 00 0 0  1 . 00 
4 . 1 5 7 9 6 2 8 . 3 1 5922 2 . 07 8980 0 . 0 80000 1 . 00 
4 . 1 60 6 8 6  8 . 3 2 1 3 69 2 . 0803 42 0 . 0 9 00 0 0  1 . 00 
4 . 1 6 1 083 8 . 3 2 2 1 63 2 . 080 5 4 1  0 . 1 00000 1 . 00 
T ab l e  G . 2  
AM=0 . 00 2 0 9 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0024000 FT2/SEC ( LUBR I CAT I NG O I L  SAE 1 0 ) 
W= 1 0 . 00 0  RAD/SEC 
A= 4 . 000 FT/SEC 
T F C H SA 
239 
! _LBF/FT2 _ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT __ _  FT2_ 
0 . 4467 9 4  0 . 1 7 87 1 7  0 . 0446 7 9  0 . 0 1 0000 0 . 2 0 
0 . 3 7 5 4 1 5  0 . 1 5 0 1 66 0 . 03 7 5 42 0 . 020000 0 . 2 0 
0 . 46 7 10 6  0 . 1 8 6 842 0 . 0 46 7 1 1  0 . 0 3 0 0 0 0  0 . 2 0 
0 . 5 44440 0 . 2 1 7 7 7 6  0 . 0 5 4444 0 . 040 00 0  0 . 2 0 
0 . 5 7 5 7 9 0  0 . 2 3 03 1 6  0 . 05 7 5 7 9  0 . 0 5 0 0 0 0  0 . 2 0 
0 . 5 7 5 1 62 0 . 2 3 00 6 5  0 . 0 5 7 5 1 6  0 . 0 60 0 0 0  0 . 2 0 
0 . 5 63 5 52 0 . 2 2 5 42 1 0 . 05 6 3 5 5  0 . 0 7 00 0 0  0 . 2 0 
0 . 5 5 2 2 9 0  0 . 2 2 09 1 6  0 . 0 5 5 2 2 9  ! . 0 . 0 8 00 0 0  0 . 2 0 
0 . 5 4462 5 0 . 2 1 7 8 5 0  0 . 0 5 4462 0 . 0 9 0000 0 . 2 0 
0 . 5403 8 1  0 . 2 1 6 1 53 0 . 0 5 40 3 8 0 . 1 00000 0 . 2 0 
0 . 446 7 9 4  
0 . 3 7 5 4 1 5  
0 . 46 7 10 6  
0 . 5 44440 
0 . 5 7 5 7 9 0  
0 . 5 7 5 1 62 
0 . 5 63 5 5 2  
0 . 5 5 2 2 9 0  
. 0 .  5 4462 5 
0 . 5 40 3 8 1  
0 . 446 7 9 4  
0 . 3 7 5 4 1 5  
0 . 46 7 1 0 6  
0 . 544440 
0 . 5 7 5 7 9 0  
0 . 5 7 5 1 62 
0 . 5 63 5 5 2  
0 . 5 5 2 2 9 0  
0 . 5 4462 5 
0 . 5 40 3 8 1  
0 . 446 7 9 4  
0 . 3 7 5 4 1 5  
0 . 46 7 1 0 6  
0 . 5 44440 
0 . 5 7 5 7 9 0  
0 . 5 7 5 1 62 
0 . 5 6 3 5 5 2  
0 . 5 5 2 2 9 0  
0 . 3 57 43 5  0 . 089 3 5 9  0 . 0 1 0 0 00 
0 . 3 003 3 2  0 . 0 7 5 0 8 3  0 . 0 2 0 00 0  
0 . 3 7 3 68 4  0 . 0 9 3 42 1 0 . 0 3 0000 
! · 0 . 43 5 5 5 2  0 . 1 0 8 8 8 8  0 . 040000 
0 . 460632 0 . 1 1 5 1 5 8  0 . 0 5 0 0 0 0  
0 . 460 1 2 9  0 . 1 1 5 0 3 2 0 . 0 60000 
0 . 45 0841 0 . 1 12 7 1 0 0 . 0 7 0000 
0 . 441 8 3 2  0 . 1 1 045 8 0 . 080000 
0 . 43 5 69 9  0 . 1 0 8 9 2 5 0 . 0 9 0000 
0 . 43 2 3 0 5  0 . 1 0 80 7 6  0 . 1 00000 
0 . 5 3 6 1 5 2  
0 . 45 049 8  
0 . 5 6052 6 
0 . 6 5 3 3 2 8  
0 . 690948 
0 . 6 9 0 1 9 4  
0 . 6 7 62 62 
0 . 6 62 7 48 
0 . 653 5 5 0  
0 . 64845 7 
0 . 7 1 48 7 0  
0 . 600 6 6 5  
0 . 7 47 3 69 
0 . 8 7 1 1 04 
0 . 9 2 12 64 
0 . 9 2 02 5 9  
0 . 9 0 1 683 
0 . 8 83 664 
0 . 1 3 403 8 
0 . 1 1 2 62 5  
0 . 140 1 3 2  
0 . 1 63 3 3 2  
0 . 1 7 2 7 3 7  
0 . 1 7 2 5 49 
0 . 1 69 0 6 5  
0 . 1 6 5 6 8 7  
0 . 1 63 3 8 7  
0 . 1 62 1 1 4 
0 . 1 7 8 7 1 7  
0 . 1 5 0 1 6 6  
0 . 1 8 6842 
0 . 2 1 7 7 7 6  
0 . 2 3 03 1 6  
0 . 2 3 0 0 6 5  
0 .  2 2 5 42 1  
0 . 2 2 0 9 1 6  
0 . 0 1 0000 
0 . 02 0000 
0 . 0 3 0000 
0 . 0 40000 
0 . 0 5 0000 
0 . 0 60000 
0 . 0 7 0000 
0 . 080000 
0 . 0 9 0000 
0 . 1 00000 
0 . 0 1 00 0 0  
0 . 02 0000 
0 . 03 0000 
0 . 040000 
0 . 0 5 0000 
0 . 0 6 0000 
0 . 0 7 0000 
0 . 0 80000 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 60 ' 
0 . 6 0 
0 . 60 
0 . 6 0 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
0 . 80 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 80 
0 . 8 0 
0 . 80 
0 . 80 
Tab l e  G . 2  ( c ontinued ) 
! 0 . 5 4462 5 ! 0 . 8 7 1 3 9 9  
0 . 5 403 8 1  0 . 8 6 4 6 1 0  
0 . 446 7 9 4  
0 . 3 7 5 4 1 5  
0 . 467 1 0 6  
0 . 5 44 440 
0 . 5 7 5 7 9 0  
0 . 5 7 5 1 62 
0 . 5 6 3 5 5 2  
0 . 5 5 2 2 9 0  
0 . 5 4462 5 
0 . 5 40 3 8 1  
0 . 893 587 
0 . 7 5083 1 
0 . 9 3 42 1 1  
1 . 08888 1  
1 . 1 5 1 5 8 1  
1 . 1 5 0 3 2 5  
1 . 1 2 7 1 04 
1 . 1 04580 
1 . 0 8 9 2 5 0  
1 . 0807 62 
0 . 2 1 7 8 5 0  
0 . 2 1 6 1 5 2  
0 . 2 2 3 3 9 7  
0 . 1 8 7 7 08 
0 . 23 3 5 5 3  
0 . 2 72 22 0  
0 . 2 8 7 89 5 
0 . 2 8 7 58 1 
0 . 2 8 1 7 7 6  
0 . 2 7 6 145 
0 . 2 7 2 3 1 2  
0 . 2 7 0 1 9 1  
AM=0 . 00 2 0 9 0  LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2 /SEC ( LUBRI CAT I NG O I L  SAE 1 0 ) 
W=S O . OOO RAD/SEC 
A= 4 . 000 FT/SEC 
0 . 0 9 0 000 
0 . 1 00 0 00 
0 . 0 1 0000 
0 . 02 0000 
0 . 03 0000 
0 . 0 40000 
0 . 0 50000 
0 . 0 6 0 00 0  
0 . 0 70000 
0 . 0 8 0000 
0 . 0 9 0000 
0 . 1 00000 
0 . 8 0 
0 . 8 0 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
1 . 00 
T F ! C H SA 
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! _LBF/FT2_ ! __ LBF __ ! _LBF- SEC/FT_ ! __ FT ___ _ FT2_ 
0 . 8 7 9 844 0 . 3 5 1 9 3 7  0 . 08 7 9 8 4  0 . 0 1 0 000 0 . 2 0 
1 . 2 62 6 3 7  0 . 5 05054 0 . 12 6 2 6 4  0 . 02 0 0 00 0 . 2 0 
1 . 2 68 3 1 4  0 . 5073 2 6  0 . 12 6 8 3 1 0 . 0 3 0000 0 . 2 0 
1 . 2 1 85 5 4  0 . 48742 1 0 . 12 1 8 5 5  0 . 040000 0 . 2 0 
1 . 2 03 82 3  0 . 48 1 5 2 9  0 . 12 0 3 82 0 . 0 5 0 0 0 0  0 . 2 0 
. 1 . 2 04062 0 . 48 1 6 2 5  0 . 12 0 4 0 6  0 . 0 60000 0 . 2 0 
1 . 2 0 6040 0 . 482 4 1 6  0 . 12 0 6 0 4  0 . 0 7 0000 0 . 2 0 
1 . 2 0 6 7 6 6  0 . 482 7 0 6  0 . 12 0 6 7 7  0 . 080000 0 . 2 0 
1 . 2 0 6 7 8 1  0 . 482 7 12 0 . 12 0 6 7 8  0 . 0 9 0000 0 . 2 0 
1 . 2 0 6 69 3  0 . 482 6 7 7 '  0 . 12 0 6 6 9  0 . 1 00 000 0 . 2 0 
0 . 8 7 9 844 
1 . 2 62 6 3 7  
1 . 2 68 3 1 4  
1 . 2 1 8 5 5 4  
1 . 2 03 82 3  
1 . 2 04062 
1 . 2 0 6040 
1 . 2 0 6 7 6 6  
1 . 2 0 6 7 8 1 
1 . 2 0 6 6 9 3  
0 . 8 7 9 8 44 
1 .  2 62 63 7  
1 . 2 6 83 1 4  
1 . 2 18 5 5 4  
1 . 2 0 3 82 3  
0 . 7 0 3 8 7 5  
1 . 0 10 1 09 
1 . 0 1 46 5 2  
0 . 9 7 4842 
0 . 9 6 3 059 
0 . 9 6 3 2 5 0  
0 . 9 648 3 2  
0 . 9 65 4 1 3  
0 . 9 6 5 42 5  
0 . 9 6 5 3 5 4  
1 . 0 5 5 8 1 2 
1 . 5 1 5 1 63 
1 . 5 2 1 9 7 8  
1 . 4 62 2 6 3  
1 . 4445 87 
0 . 1 7 5 9 6 9 
0 . 2 5 2 5 2 7 
0 . 2 5 3 6 6 3  
0 . 2 43 7 1 1  
0 . 2 4 0 7 6 5  
0 . 2 40 8 1 3  
0 . 2 4 1 2 0 8  
0 . 2 4 1 3 5 3 
0 . 2 4 1 3 5 6  
0 . 2 4 1 3 3 9  
0 . 2 63 9 5 3  
0 . 3 7 8 7 9 1  
0 . 3 80 4 9 5  
0 . 3 6 5 5 6 6  
0 . 3 6 1 1 47 
0 . 0 1 0 00 0  
0 . 02 0 0 00 
0 . 0 3 0000 
0 . 0 40 0 0 0  
0 . 0 5 00 0 0  
0 . 0 6 0 0 0 0  
0 . 0 7 0000 
0 . 0 8 0000 
0 . 0 9 0 0 0 0  
0 . 1 0 0 0 0 0  
0 . 0 1 0 000 
0 . 0 2 0 000 
0 . 0 3 0 0 00 
0 . 040000 
0 . 0 5 0 0 00 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 40 
0 . 6 0 
0 . 60 
0 . 60 
0 . 60 
0 . 60 
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T ab l e  G . 2  ( c onti nued ) \ 
1 . 2 04062 1 . 444875 0 . 3 6 1 2 1 9  0 . 060000 0 . 60 
1 . 2 0 6 040 1 . 4472 48 0 . 3 6 1 8 12 0 . 0 7 0000 0 . 60 
1 . 2 0 6 7 6 6  1 . 448 1 1 8 0 . 3 62 03 0  0 . 080000 0 . 60 
1 . 2 0 6 7 8 1  1 . 448 13 6 0 . 3 62 0 3 4  0 . 090000 0 . 6 0 
1 . 2 0 6 693 1 . 44803 0 0 . 3 62 00 8  0 . 100 000 0 . 6 0 
0 . 8 7 9 8 44 1 . 407 7 50 0 . 3 5 1 9 3 8  0 . 0 1 0000 0 . 80 
1 .  2 62 63 7  2 . 0 2 02 18 0 . 5 0 5 0 5 5  0 . 020 000 0 . 80 
1 . 2 683 14 2 . 02 9 3 05 0 . 5 0 73 2 6  0 . 030000 0 . 80 
1 . 2 1 8 5 5 4  1 . 9 49 68 4  0 . 48 7 42 1 0 . 040000 0 . 80 
1 . 2 03 82 3  1 . 9 2 6 1 1 6  0 . 48 1 5 2 9  0 . 05 0000 0 . 80 
1 . 2 0406 2  1 . 92 6 50 0  0 . 48 1 62 5  0 . 060000 0 . 80 
1 . 2 0 60 40 1 . 9 2 9 6 6 4  0 . 482 4 1 6  0 . 0 7 0000 0 . 80 
1 . 2 0 6 7 6 6  1 . 9 3 082 5 0 . 482 7 0 6  0 . 0 80000 0 . 80 
1 . 2 0 6 7 8 1  1 . 9 3 0849 0 . 482 7 12 0 . 090000 0 . 80 
1 . 2 0 6 69 3  1 . 9 3 0 707 0 . 482 6 7 7  0 . 1 00 0 00 0 . 80 
0 . 8 7 9 8 44 1 . 7 5 9 688 0 . 43 9 9 2 2  0 . 0 1 0 000 1 . 00 
1 . 2 62 6 3 7  2 . 5 2 5 2 7 4  0 . 6 3 1 3 1 9  0 . 02 0 000 1 . 00 
·1 . 2 68 3 1 4  2 . 5 3 6 6 3 2  ! 0 . 63 4 1 5 8  0 . 0 3 0 00 0  1 . 00 
1 . 2 1 85 5 4  2 . 43 7 1 0 7  0 . 6092 7 7  0 . 040000 1 . 00 
1 . 2 0 3 8 2 3  2 . 407 647 0 . 60 1 9 12 0 . 0 5 0000 1 . 00 
1 . 2 040 62 2 . 408 1 2 7  0 . 602 0 3 2  0 . 0 60000 · 1 . 00 
1 . 2 06 0 40 2 . 4 1 2 0 8 1 0 . 6 0 3 0 2 0  0 . 0 7 0000 1 . 00 
1 . 2 0 67 6 6  2 . 4 1 3 5 3 2  0 . 603 3 83 0 . 080000 1 . 00 
1 . 2 0 6 7 8 1  2 . 4 1 3 5 63 0 . 603 3 9 1  0 . 090 000 1 . 00 
1 . 2 0 6 69 3  2 . 4 1 3 3 8 5  0 . 603 3 47 0 . 1 00000 1 . 00 
AM=0 . 002090 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 002 4000 FT2/SEC ( LUBR I CAT I NG O I L  SAE 1 0 ) 
W=9 0 . 000 RAD/SEC 
A= 4 . 000 FT/SEC 
T F c H SA 
! _LBF/FT2 _ ! LBF __ ! _LBF- SEC/FT_ ! __ FT FT2 -
1 . 40 1 3 1 6  0 . 5 6052 6 0 . 1 40 1 3 2  0 . 0 1 0000 0 . 2 0 
1 . 7 2 5 48 6  0 . 6 9 0 1 9 5  0 . 1 7 2 5 49 0 . 02 0000 0 . 2 0 
1 . 6 3 3 8 7 4  0 . 6 5 3 5 49 0 . 1 63 3 8 7 0 . 0 3 0000 0 . 2 0 
1 . 6 1 42 2 3  0 . 645 689 0 . 1 6 1 42 2  0 . 0 40000 0 . 2 0 
1 . 6 1 7 4 5 2  0 . 6469 8 1  0 . 1 6 1 7 4 5  0 . 0 5 0000 0 . 2 0 
1 . 6 1 9 0 6 0  0 . 647 624 0 . 1 6 1 9 0 6  0 . 0 60 000 0 . 2 0 
1 . 6 1 9 0 1 5  0 . 647 6 0 6  0 . 1 6 1 9 0 1  0 . 0 7 0 00 0  0 . 2 0 
1 . 6 1 8 9 0 6  0 . 6 47 5 6 3  0 . 1 6 1 8 9 1 0 . 0 8 0000 0 .  2 0  
1 . 6 1 8898 0 . 6 47 5 5 9 0 . 1 6 1 8 9 0  0 . 09 0000 0 . 2 0 
1 . 6 1 8 9 04 0 . 647 5 62 0 . 1 6 1 8 9 0  0 . 1 00000 0 . 2 0 
1 . 40 1 3 1 6  1 . 1 2 1 0 5 3  0 . 2 802 6 3  0 . 0 1 00 00 0 . 40 
1 . 72 5486 1 . 3 803 89 0 .  3 45 0 9 7  0 . 02 0000 0 . 40 




U N S T E AD Y  F L O W 
H=0·1 
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Figure G .  1 DAMPER COEFFICIENT VS FREQUENCY ( OIL SAE 10 ) .  
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T ab le G . 3  
AM=o· . 00002 0 LBF- SEC/FT2 ( UNSTEADY FLOW ) 
V=0 . 0000 1 3 0  FT2 /SEC ( WATER ) 
. 
W=1 0 . 00 0  RAD/SEC 
A= 4 . 000 FT/SEC 
! T F c H 
! _LBF/FT2_ ! LBF __ ! _LBF- SEC/FT_ ! __ FT 
0 . 070023 0 . 02 8009 0 . 007002 0 . 0 10000 
0 . 07 0 1 64 0 . 02 8066 0 . 0 07 0 1 6  0 . 020000 
0 . 0 7 0 1 6 5  0 . 02 8066 0 . 0 07 0 1 6  0 . 03 0000 
0 . 0 7 0 1 6 5  0 . 02 8066 0 . 0 0 7 0 1 6  0 . 040000 
0 . 0 7 0 1 6 5  0 . 028066 0 .  0 0 7 0 1 6 . 0 . 050000 
0 . 0 7 0 1 65 0 . 028066 0 . 0 0 7 0 1 6  0 . 0 60000 
0 . 0 7 0 1 65 0 . 028066 0 . 0 0 7 0 1 6  0 . 070000 
0 . 0000 0 1  0 . 000000 0 . 0 0 0 0 0 0  0 . 080000 
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